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Fic. 6. Fic. 7. 


Fic. 4. Autopsy appearance of control experiment, showing complete degenera- 
tion of devascularized segment, slough, and separation of ends leading to fecal 
peritonitis. 

Fic. 5. Appearance at reoperation on treated animal, showing similar appearance 
of two sides of anastomosis. 

Fic. 6. Specimen removed from treated animal 13 days after original operation. 
Note mucosal ulcer adjacent to anastomosis. 

Fic. 7. Resected specimen from treated animal, showing anastomosis and normal 
mucosa on both sides of anastomosis. 


Antibiotic Support of Colon Anastomoses.—Isidore Cohn, r., 
Don Lang ford, and James D. Rives. 
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ANTIBIOTIC SUPPORT OF COLON ANASTOMOSES 


ISIDORE COHN, JR., M.D., F.A.C.S., DON LANGFORD, and 


JAMES D. RIVES, M.D., 


WHEN postoperative intraluminal antibi- 
otics were utilized to obtain survival follow- 
ing devascularization of an anastomosis in 
an unprepared colon (6), interest was aroused 
in the results that might be obtained when 
this procedure was preceded by preopera- 
tive preparation as used in elective colon sur- 
gery. Our earlier results demonstrated that 
antibiotics play an important role in colon 
surgery in the presence of gross contamina- 
tion, but did nothing to settle the argument 
about the value of the different methods of 
preoperative preparation of the colon. Since 
most surgeons agree about the value of me- 
chanical cleansing prior to elective colon 
surgery, it seemed justifiable to investigate 
its role as contrasted with the possible addi- 
tional benefits of postoperative antibiotics in 
protecting a colon anastomosis. 

The work reported previously (6), and the 
work of Blain and associates (1, 8), Cohn 
and associates (3, 4, 5), Rabinovici and 
Fine, Poth (11, 12, 13, 14), and others has 
shown that antibiotics play a much larger 
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role in intestinal healing than was previously 
suspected. 

This study was designed to evaluate pre- 
operative mechanical cleansing prior to 
colon anastomosis. Devascularization of one 
side of the anastomosis was used to study 
this condition under severe stress. 


TECHNIQUES 


Dogs weighing between 7.8 and 15.3 kilo- 
grams were used after remaining in the 
animal colony a minimum of 2 weeks to 
exclude distemper. ~ 

Preoperative preparation was directed 
toward thorough mechanical cleansing of 
the bowel. All food was withheld for a 
minimum of 3 days prior to surgery. Only 
water was allowed during this time. On the 
first day of preparation the animals were 
given 50 cubic centimeters of castor oil by 
mouth, and one 750 cubic centimeter soap- 
suds enema. On each successive day they 
were given 1 such enema in the morning and 
1 in the afternoon. 

Operations were performed with aseptic 
technique, under intravenous nembutal 
anesthesia. 

A midline incision was used. The omen- 
tum was removed as completely as possible 
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Fic. 1. Diagram of operation. End-to-end one layer 
anastomosis of colon. Division and ligation of all vessels to 
7 centimeter segment on distal side of anastomosis to pro- 
vide complete extramural devascularization. Plastic tube 
inserted proximal to anastomosis and threaded into de- 
vascularized segment. 


to prevent its protecting either the anasto- 
mosis or the devascularized area. In 4 con- 
trol and 2 treated animals the spleen was 
also removed to permit more complete re- 
moval of the omentum. The colon was di- 
vided obliquely between noncrushing 
clamps. Cultures from the lumen were sub- 
jected to either qualitative or quantitative 
bacteriologic analysis. An end-to-end one 
layer anastomosis was performed with a con- 
tinuous No. 000 silk suture (Fig. 1). 

In the treated series a plastic tube was in- 
troduced through a No. 14 needle into 
normal colon proximal to the anastomosis, 
and threaded either to the suture line or to 
the middle of the portion to be devascular- 
ized. A purse-string suture about the tube 
prevented postoperative fecal contamina- 
tion. 

Beginning at the anastomosis and pro- 
ceeding 7 centimeters distally, a// vessels to 
the colon were doubly clamped, divided, 
and ligated. This produced complete extra- 
mural devascularization for 7 centimeters 
on the distal side of the anastomosis. The 
blood supply was limited to that which came 
through the bowel wall itself, or through 
subsequent adhesions to adjacent viscera. 

The abdomen was closed in layers and 
the animals returned to metabolism cages 
for observation. On the first postoperative 
day they were given adequate fluids by the 
intravenous route, but received nothing by 
mouth. On successive days they were given 
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water, milk and water, dog biscuits, and 
finally regular animal house food. 

The treated animals were subjected to the 
identical procedure but were given post- 
operative antibiotics. One gram each of neo- 
mycin and achromycin were placed in the 
devascularized segment at the time of sur- 
gery. Achromycin was equally divided be- 
tween intravenous and oral forms to provide 
both an immediate and a sustained level of 
antibiotic in the lumen of the devascularized 
colon. Following operation, 500 milligrams 
of achromycin and 500 milligrams of neo- 
mycin were dissolved in 15 cubic centimeters 
of sterile saline and injected through the 
plastic tube directly into the devascularized 
area every 6 hours for the first 72 hours, after 
which the tube was no longer used. Oral 
achromycin and neomycin were begun at 24 
hours to provide an adequate concentration 
by the oral route by the time the intraluminal 
route was discontinued. Intramuscular peni- 
cillin (600,000 units twice a day) was given 
throughout the postoperative period. All 
therapy was discontinued at 120 hours. 

Autopsy was performed on all animals 
that died. Survivors were re-explored and 
sacrificed after a suitable interval. 

RESULTS 

Bacteriology. Cultures of the bowel lumen 
were obtained in each experiment (Fig. 2). 
Quantitative studies were performed in 4 
experiments. Mechanical cleansing did not 
sterilize the bowel or decrease the variety 
of organisms present. Qualitatively these 
studies were quite similar to those reported 
in the previous series (6). The similarity of 
the flora in the control and treated series 
indicated that any difference in results 
should not be attributed to any fortuitous 
difference between the bacterial flora of the 
two series. 

Control series. Ten dogs were subjected to 
the control procedure (Fig. 3). Four sur- 
vived to be re-explored from 4 to 12 weeks 
following the original operation. Six dogs 
died between 28 and 84 hours, with a 
median survival of 46 hours. 
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Cyanosis after devascularization was of 
ihe same magnitude as that noted in the 
previous series (6), but was neither as rapid 
nor as pronounced as that following venous 
occlusion in the small bowel (3, 4, 5). The 
similarity between these results and those 
obtained in the series without any preopera- 
tive bowel preparation would indicate that 
the immediate response was completely in- 
dependent of the contents of the bowel and 
was solely a vascular phenomenon. 

Autopsy revealed a severe fecal peritonitis 
in all 6 animals that died (Fig. 4). All had 
degeneration, slough, necrosis, and perfora- 
tion of the devascularized segment, with 
fecal material pouring into the free perito- 
neal cavity. There was either complete sep- 
aration of the two ends of the bowel, or such 
a large perforation that only one wall of the 
colon remained to hold the two ends to- 
gether. ‘There was a sharp demarcation be- 
tween normal and devascularized bowel, 
but the devascularized segment might show 
gradations between the severe destruction 
near the slough and the less extensive de- 
struction adjacent to normal bowel. In every 
experiment the suture was intact, even 
though it might be holding nothing on its 
distal side, so that failure of the suture 
could not be blamed for any of the compli- 
cations. 

At re-exploration in the 4 surviving ani- 
mals there was no detectable difference be- 
tween the normal and the devascularized 
sides of the anastomosis. The ligated vessels 
in the reunited mesentery and knowledge of 
which side had been devascularized were 
the only means of distinguishing the two 
sides. There was no stricture, stenosis, dila- 
tation, or thickening of the bowel wall. 

Treated series. Five dogs, subjected to the 
same procedure, received antibiotics in the 
postoperative peiod. A// 5 survived to be re- 
explored from 1 to 10 weeks following the 
original operation (Fig. 3). In each experi- 
ment the colon was functioning and viable. 
[here was no reason to suspect that it 
would contribute to any trouble in the 
uture. 
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Fic. 2. Bacteria in colon. 
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In the animal re-explored at the end of 1 
week there was 1 small necrotic perforated 
area in the devascularized segment that was 
adequately sealed by adhesions of small 
bowel loops. ‘The perforation must have oc- 
curred gradually enough to prevent any 
evidence of leakage. This animal was re- 
explored at this early interval because the 
plastic tube was believed to have slipped out 
of the bowel and the animal was thought to 
be moribund from an antibiotic peritonitis. 
Exploration revealed no crystalline anti- 
biotic and no antibiotic reaction in the free 
peritoneal cavity. However, nodular, hard, 
white infiltrating masses in both kidneys 
were thought to have contributed signifi- 
cantly to the poor postoperative course. 
Histologic examination of the kidneys re- 
vealed this to be chronic pyelonephritis with 
severe interstitial scar formation. This un- 
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Vic. 8. Photomicrograph of anastomotic area from 
treated animal re-explored 9 days after original operation. 
Gross appearance similar to that of Figure 6, though 
ulcerated area is smaller. Anastomotic site in lower right 
corner of picture, with normal mucosa to right. Ulcera- 
tion in devascularized area with relatively normal bowel 
wall beneath ulcer, and normal mucosa beyond on the 
left side. 


fortunate complication did not detract from 
the demonstration of the successful protec- 
tive action of antibiotics on the devascular- 
ized segment of colon. 

In the other 4 animals, the bowel on the 
two sides of the anastomosis was indistin- 
guishable (Fig. 5). Healing appeared com- 
plete. There was no stenosis, stricture, dila- 
tation, or evidence of muscular degeneration 
or fibrosis. 

The mucosal findings were of interest in 
the 2 animals re-explored after 9 and 13 days. 
Both of these animals were doing well, eat- 
ing, having bowel movements, and were, to 
all appearances, in excellent condition. Re- 
exploration was undertaken to study the 
bowel rather than for any fear about the 
condition of the animals. Each had a cir- 
cumferential mucosal ulceration just distal to 
the suture, in the devascularized segment of 
colon (Fig. 6). ‘The underlying submucosa 
and muscularis appeared normal so that the 
likelihood of leakage or other complication 
at this time was negligible. 

The mucosa in the 2 animals re-explored 
at the longer intervals of 3 and 9 weeks 
showed no ulceration, and the two sides of 
the anastomosis were indistinguishable from 
one another (Fig. 7). 


Vomiting, which occurred in 4 of the 5 
treated animals, appeared to be correlated 
with oral medication since it disappeared 
when oral medication was discontinued. In 
3 animals, oral achromycin had to be dis- 
continued at 49, 51, and 97 hours instead ot 
being continued to the planned limit of 120 
hours. In 2 of these, neomycin also had to be 
discontinued at 66 and 97 hours. Cessation 
of drug therapy did not alter the ultimate 
results. 

Thus postoperative antibiotic protection of a 
devascularized colon anastomosis was effective in 
100 per cent of these experiments in contrast to a 60 
per cent mortality for the same procedure without 
postoperative antibiotic protection. 

Histology. Histologic examination of the 
devascularized segment of colon and of the 
anastomosis confirmed many of the gross 
findings. ‘The specimens from the 2 treated 
animals re-explored in the first 2 weeks show 
the most acute and the most severe changes. 
Both show the expected amount of reaction 
adjacent to a colon anastomosis. ‘The muco- 
sal ulcer seen grossly is covered with granu- 
lation tissue and fibrin (Fig. 8). The mus- 
cularis mucosae beneath the ulcer is mostly 
destroyed. Inflammatory reaction extends to 
the muscularis with some infiltration of the 
muscularis. Normal epithelium is regenerat- 
ing at the edges of the ulcer, and the bowel 
wall under the regenerating epithelium is 
normal. 

The specimens from the animals re-ex- 
plored at longer intervals are essentially nor- 
mal (Fig. 9). The mucosa, which shows cells 
in all stages of secretory activity, and the 
submucosa remain within normal limits, in- 
dicating the good condition of the bowel. 


DISCUSSION 


The previously described experimental 
procedure (6), which showed that this 
method of study was adequate for evaluating 
various means of protecting a devascularized 
colon anastomosis, was changed in only one 
major respect. Since survival of a 5 centi- 
meter segment of devascularization was 
achieved with all therapy limited to the 
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postoperative period, it was obvious that the 
segment would have to be longer to evaluate 
preoperative cleansing adequately. Accord- 
ingly, the length of the devascularized seg- 
ment was increased to 7 centimeters in this 
series. The survival of 4 dogs in the control 
series indicates that this was a necessary step 
and even suggests that a longer segment of 
bowel might be subjected to devasculariza- 
tion when the bowel is properly cleansed 
preoperatively. 

In the previous study it was noted that a 
2 day period of starvation did not cleanse the 
bowel. It was anticipated that the longer 
period of starvation used here combined 
with a purgative and multiple daily enemas 
would lead to satisfactory cleansing of the 
colon. It was therefore somewhat disap- 
pointing to note that in only 2 experiments 
in the entire project was the opened colon 
described as “‘clean.” In 4 it was frankly 
“dirty.”? While this same difficulty in cleans- 
ing the colon is not encountered in patients, 
it emphasizes the importance of examining 
enema returns in patients to be sure of the 
cleanliness of the colon preoperatively, rather 
than depending upon a specified routine. 

The clinical condition of the animal in the 
first 24 to 48 hours gave a fairly accurate 
index to the final outcome in these experi- 
ments as it had in the previous series. In all 
of the treated animals (except the one with 
severe kidney disease) and in the control 
animals that survived, there was return of 
appetite and return to the lively preoperative 
status between 24 and 60 hours. This was in 
contrast to the lack of interest in food or 
water, and the general malaise, listlessness, 
and anorexia in those control animals which 
succumbed. Thus in retrospect it would have 
been possible in most cases to predict the 
outcome at the end of 48 hours. This obser- 
vation is further support for the hypothesis 
advanced previously that the most important 
action of the antibacterial agents occurs dur- 
ing the early postoperative period (3, 4, 6). 

The importance of the first 48 hours was 
also demonstrated by the survival of those 
treated animals in which vomiting made it 


Fic. 9. Photomicrograph of anastomotic area in ani- 
mal that had complete mucosal healing, showing normal 
mucosa on both sides of anastomosis, and relatively nor- 
mal bowel wall adjacent to anastomosis. 


necessary to discontinue antibiotic therapy 
earlier than planned. Of the 5 treated ani- 
mals, only 2 received achromycin and neo- 
mycin throughout the entire time of antici- 
pated therapy. It has not been determined 
how small a dosage of antibiotic would suf- 
fice to permit survival of the colonic segment, 
but the severe test to which the colon was 
subjected in these experiments made it desir- 
able to use a larger dosage than would ordi- 
narily be necessary. 

Autopsy and re-exploration at different 
time intervals provided an opportunity to 
study the colon’s reaction to this procedure. 
On this basis, a hypothesis has been devel- 
oped of the sequence of events. Even though 
the gross mass of feces may be reduced by 
preoperative mechanical cleansing, if the 
bacterial count remains too high, the colon 
will be destroyed rapidly following devas- 
cularization, as a result of enhanced bac- 
terial activity. Death occurs within the first 
25 to 100 hours as a result of destruction and 
disintegration of the devascularized segment 
and massive fecal peritonitis. 

If, however, the bacterial count has been 
sufficiently decreased, or if antibacterial 
measures are utilized immediately following 
devascularization, some degeneration occurs, 
but the segment survives. Since the mucosa 
is the most highly specialized tissue, mucosal 
degeneration occurs first. Presumably mus- 
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cle can withstand anoxia for longer periods 
and the muscularis does not degenerate as 
rapidly as the mucosa. This fact must be of 
significance in the over-all survival, for it 
would seem that if the muscularis were to 
become necrotic, perforation of the bowel 
would occur and death would ensue. Thus 
the muscularis must be the point of separa- 
tion between the survivors and nonsurvivors. 
At some period after the immediate shock of 
devascularization, repair of the colon begins. 
The mucosa may degenerate almost the full 
length of the devascularized segment and 
then begin to regenerate from its normal 
edge. Evidently regeneration does not occur 
across the suture line since the ulcerations 
found in the 2 earliest re-explorations were 
both adjacent to the anastomosis. This ob- 
servation suggests that repair was advancing 
toward the anastomosis, rather than in both 
directions toward the middle of the devas- 
cularized segment. Mucosal repair is com- 
plete sometime between the second and 
third weeks, as judged from the ulcer still 
present in the experiment in which reopera- 
tion was undertaken at the end of 2 weeks 
and the one in which repair was complete at 
the end of 3 weeks. Differences from some 
established ideas about repair of intestinal 
anastomoses are best explained by the devas- 
cularization added to the anastomoses here. 

Revascularization in these experiments 
must depend on vessels in the wall of the 
bowel, new vessels in adhesions to normal 
bowel, and new vessels in the mesentery of 
the colon, since the omentum was purposely 
removed. The phenomenon of revasculariza- 
tion has been studied by Poth (11, 12, 13), 
Rabinovici and Fine, Braithwaite, and Noer 
(7, 9, 10). No recanalization of the divided 
and ligated vessels was observed, but new 
vessels in the mesentery were sufficient to 
cause bleeding when the mesentery was di- 
vided at the second operation. If the bowel 
was purposely divided at the second opera- 
tion to test its vascularity, the bleeding, 
which was as vigorous as that of normal 
bowel, left little doubt about the adequacy 
of revascularization. 


Strictures and constrictions were not ob- 
served in the area of devascularization in 
contrast to the reports of others. The tim« 
interval may have been inadequate here fo: 
strictures to develop, though the normal 
gross and microscopic appearance after 1 to 
3 months should raise some doubt about the 
development of subsequent changes. An 
even more important consideration may be 
that the colon never actually degenerates in 
these experiments, and it is only the degen- 
erated colon which is replaced by fibrosis 
that leads to stricture. It has already been 
postulated that nothing but the mucosa de- 
generates in these experiments, for if the 
muscularis were to degenerate there would 
be perforation and fatal peritonitis. If the 
muscularis retains its normal structure, then 
the leading cause of fibrosis does not exist 
and stricture should not result. The absence 
of significant change in the histologic struc- 
ture of the devascularized colon is strong 
support for this theory. 

This study, as an extension of our previous 
work (6), was an attempt to evaluate pre- 
operative mechanical preparation of the 
colon, and the importance of postoperative 
antibiotics. ‘The previous study showed that 
postoperative antibiotics would protect a 
devascularized colon anastomosis in an un- 
prepared colon, but gave no indication of 
whether preoperative mechanical cleansing 
of the colon would have altered the results. 
This study was an attempt to answer that 
question. Preoperative mechanical cleansing 
permitted devascularization of a larger area 
of colon adjoining an anastomosis. However, 
even after preoperative mechanical cleans- 
ing, the postoperative intraluminal injection 
of antibiotics provided additional protection 
for a colon anastomosis. 

While the obvious advantages of elective 
surgery in a mechanically cleansed colon 
over an unprepared colon have been empha- 
sized, the further advantages of postoperative 
maintenance of adequate antibiotic control 
has also been shown by the difference in 
mortality in the control and treated series. 
These studies do not provide full evidence 
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for the necessity for preoperative antibiotic 
preparation of the colon as contrasted to 
simple mechanical cleansing, but do show 
that an adequate postoperative antibiotic level 
is of great value in promoting healing of a 
colon anastomosis. Further studies are under 
way to evaluate the relative role of preop- 
erative antibiotic preparation. 


CONCLUSIONS 


1. A technique has been described for the 
study of a devascularized colon anastomosis 
after preoperative mechanical cleansing. 

2. Preoperative mechanical cleansing per- 
mits devascularization of longer segments of 
colon adjacent to an anastomosis than the 
same procedure in an unprepared colon. 

3. The survival rate for this procedure in 
untreated dogs is 40 per cent as compared to 
a survival rate of 100 per cent in treated 
dogs. 

4. After healing, the devascularized colon 
is indistinguishable from the normal. 

5. A possible explanation of the sequence 
of events has been suggested. 

6. Antibiotics prevent perforation, slough, 
and leakage at the anastomosis, maintain 
viability and function of the devascularized 
segment, and permit complete recovery of 
the animal. 

7. The value of an adequate intraluminal 
antibiotic level following colon surgery has 
been emphasized. 
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A METHOD FOR STUDYING EQUILIBRATION RATES IN 
EDEMATOUS STATES BY LYMPHATIC CANNULATION 


CHARLES S. HARRISON, M.D., Denver, Colorado, and 
JERROLD M. BECKER, M.D., New York, New York 


DuRING THE PAST 15 YEARS a concerted ef- 
fort has been made by the medical profession 
to dissect physiologically and measure ac- 
curately the various fluid compartments in 
the body. The discovery and use of radio- 
isotopes have greatly facilitated this work; 
but as yet there is no uniform agreement as 
to the best isotope or technique. Many tech- 
niques giving reasonable and reproducible 
results in the normal state often give bizarre 
results in certain pathologic conditions. 

Edema formation is perhaps one of the 
most perplexing problems. When edema or 
ascites is present, the time necessary for some 
substances to equilibrate will be increased. 
The rate of excretion of a substance may 
also vary. It is essential to use an isotope or 
substance which is able to penetrate the 
edematous area; and its equilibration rate 
should be fairly rapid. 

Regardless of the method of calculation 
used, the time necessary for equilibration 
must be known. The approximate time re- 
quired for equilibration may be determined 
by injecting a substance and waiting for the 
blood concentration to stabilize. If the sub- 
stance is not metabolized and is lost solely by 
kidney excretion, the rate of disappearance 
from the blood after equilibration should be 
linear when plotted on semilogarithmic pa- 
per. There was reason to believe that the 
changing concentration of sucrose in the 
blood, when an edematous state existed, did 
not accurately reflect the changing concen- 
trations in the extracellular fluid. For this 
reason, it was necessary to obtain specimens 
simultaneously from the blood and the ex- 
tracellular fluid. 


From the Surgical Research Unit, Brooke Army Medical 
Center, Fort Sam Houston, Texas. 


Other investigators have used special! 
needles which were inserted into subcuta- 
neous tissue in order to sample such extra- 
cellular fluid. Objections have been raised to 
this method, however, because cells might be 
damaged and specimens collected might be 
contaminated by intracellular contents. It 
was believed that, if lymph samples could be 
obtained by some simple method, fairly rep- 
resentative specimens of the extracellular 
fluid could be studied. 

While lymphatic cannulation and the 
study of lymph fluid are not new, there are 
several modifications presented here which 
may facilitate the cannulation of the lym- 
phatic channel and aid in the study of lymph 
and extracellular fluid dynamics. 


METHOD 


There are two main lymphatic channels in 
the dog’s ankle which run on either side of 
the metatarsea dorsalis vein. ‘There may be 
connecting branches between these two ves- 
sels; in addition, there are numerous minute 
collateral channels connecting to a deeper 
lymphatic system. Consequently, the two 
main lymphatic channels may be ligated 
without materially obstructing the lymph 
drainage of the foot. 

A 6 centimeter incision is made over the 
metatarsea dorsalis vein just above the lateral 
malleolus of the dog’s ankle (Fig. 1). The 
incision is carried down to the metatarsea 
dorsalis vein and the lymphatic channels are 
identified at this point. If there is difficulty 
in visualizing the lymphatics, 0.5 cubic cen- 
timeter of full strength T-1824 (Evans blue 
dye) may be injected into the foot pads. The 
lymphatic channels come into view imme- 
diately after lightly massaging the foot. 
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Fic. 2. 


Fic. 3. 


Fic. 1. The metatarsea dorsalis vein is exposed through an incision above the lateral malleolus of 


the hind limb. 


Fic. 2. A black silk ligature has been placed around the vein, and the vein is retracted. Both 
lymphatic channels have been ligated proximally. The lymphatic which is to be cannulated has a 
ligature placed just distal to the point of contemplated incision. 

Fic. 3. The lymphatic has been cannulated and the polyethylene tubing secured. Note the drop 
of lymph appearing at the tip of the polyethylene tubing. 


The metatarsea dorsalis vein is isolated for 
a distance of 4 centimeters from its connec- 
tive tissue bed. A ligature of black silk is then 
placed around the metatarsea dorsalis vein 
to facilitate retracting the vein away from the 
closely associated lymphatics. It is not tied. 
Both lymphatic channels, together with sur- 
rounding connective tissue, are ligated in- 
dividually as far cephalad as possible with 
suture ligatures of fine black silk. The sutures 
are left uncut in order that one of them may 
be used to anchor the polyethylene tube 
(Fig. 2). Traction is applied to these ligatures 
to keep the lymph vessels taut. The anterior 
aspect of both lymphatic channels are then 
carefully exposed by sharp dissection by 
using a No. 11 blade. 

It may help to wear a loop magnifying 
lens during the final exposure of the anterior 
surface of the lymphatics and in the cannula- 
tion procedure. The lymphatics tend to 
hifurcate in the lower portion of the incision. 
Less difficulty will be encountered if the in- 
cision of the lymphatic channel is made 
above this bifurcation. A suture ligature of 
tine silk is placed approximately 4 milli- 
meters below the point of intended incision 
of the selected lymphatic and the suture is 
‘aid aside. This suture should include not 
nly the lymphatic channel but some of the 
-urrounding connective tissue. The surgeon 
hould not wait until the lymphatic channel 
‘as been cannulated before placing this liga- 


ture because the slightest motion tends to 
displace the polyethylene tubing. (Fig. 2). 

The knife blade is inserted through both 
walls of the vessel on its horizontal diameter 
and is then rotated upward transecting the 
top half of the vessel wall. This method not 
only insures the largest possible opening, but 
it also prevents rotation of the lymphatic 
channel when perforation or partial tran- 
section is being attempted. Once the knife 
has been introduced into the lymphatic 
channel, undivided attention should be given 
to the operative field. If the operator’s atten- 
tion is distracted even for a moment he will 
lose sight of the opening in the lymphatic 
vessel because, within seconds, lymphatic 
fluid will obscure the field. 

A small polyethylene tube, with the edge 
beveled at a 45 degree angle, is introduced 
distally into the channel. The ligature is then 
tied, having previously been placed around 
the distal end of the lymphatic channel and 
laid aside. The free end of the polyethylene 
tube is placed between the two long ends of 
one of the proximal ligatures; this ligature is 
then tied over the polyethylene tube (Fig. 3). 
A third suture may be placed in the proximal 
portion of the wound in line with the poly- 
ethylene tube to secure the tubing further. 
Although the tube is quite flexible, the liga- 
tures and tubing must be kept in line with 
the lymphatic channel to obviate kinking of 
either the lymphatic channel or the tubing. 








Initially, there is some tendency of the 
lymphatic fluid to clot in the polyethylene 
tubing. Consequently, the polyethylene tube 
is filled with a dilute solution of heparin and 
saline prior to cannulation. Once lymphatic 
flow is established, however, neither heparin 
nor saline should be injected into the tubing 
to keep it open. The composition of the 
lymph will be altered markedly if minute 
amounts of saline, with or without heparin, 
are injected into the pad of the foot during 
the lymphatic collection. Results dependent 
upon determinations of a concentration 
would be erroneous if the sampling were 
made under these grossly artificial conditions. 

Short segments of polyethylene tubing 
should be used so that large amounts of 
lymph are not necessary to clean out the 
system prior to sampling. 


DISCUSSION 


The rate of lymph flow in the normal foot 
of a dog is slow. Therefore, either massage of 
the foot pads or simulated walking motion of 
the foot and ankle is used to aid in the col- 
lection of the lymph. At first, massage and 
manipulation may be gentle. Over a long 
term sampling experiment, however, of ne- 
cessity the massage and manipulation be- 
come quite vigorous and obviously are not 
physiologic. Equilibration rates cannot be 
valid based upon specimens which were ob- 
tained with motion. On the other hand, 
lymph flow is greatly increased following a 
thermal injury. Lymph flow approximates 1 
cubic centimeter per minute with minimal or 
no manipulation of either foot or ankle. 
Lymph specimens obtained under these con- 
ditions would reflect more accurately what 
is taking place in the burned area. 

In 1894 Starling noted an increased lymph 
flow in the foot of a dog after it had been 
kept in water at 60 degrees C. for 5 minutes. 


In 1932 Field, Drinker, and White found © 


that, in tying off the two main lymphatics, 
the drainage of lymph was diverted into col- 
lateral paths and the drainage of the foot was 
not materially obstructed. These investi- 
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gators also found increased lymph pressures 
immediately after immersion of the foot in 
water at 100 degrees C. for 2 minutes; this 
pressure usually reached a maximum in a 
course of 3 to 4 hours. 

Cope and Moore combined lymphatic 
cannulation with radioisotope methods in 
order to study the capillary permeability in 
burns and burn shock. They found that there 
was an increased amount of protein in the 
lymphatic channels draining the burned 
limb which they attributed to increased cap- 
illary permeability and to damaged capil- 
laries. 

The lymphatic cannulation method used 
in this laboratory has been employed in or- 
der to investigate the equilibration rates of 
various substances such as deuterium oxide, 
radioactive sodium, and sucrose. The results 
of these experiments will be presented in 
another report. It has been found that lym- 
phatic cannulation is simple technically and 
its use does not entail the possibility of dam- 
aging the cellular membranes, as might be 
the case when ernploying subcutaneous nee- 
dles. 


CONCLUSIONS 


1. A method is described for cannulating 
the lymphatic channels in the dog’s ankle. 

2. Appearance-disappearance curves and 
rates of equilibration of various substances 
may be obtained by simultaneous compari- 
son of samples of lymph and plasma. 

3. By using samples of lymph from normal 
subjects, equilibration rates obtained are 
questionable because continuous lymph flow 
is dependent upon nonphysiologic methods 
such as massage and manipulation. 
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IN A PREVIOUS PAPER (13), the pathogenesis 
of the electrolyte imbalance resulting from 
diversion of the urine to the colon has been 
presented. The paradoxical position of the 
physician who attempts to correct the re- 
sultant potassium depletion, on the one 
hand, and the hyperchloremia, on the other, 
was demonstrated to be difficult. Further- 
more, it was pointed out that the high inci- 
dence of potassium deficiency is in itself a 
cause of renal insufficiency. 

Although potassium depletion and hyper- 
chloremia may occur in the absence of ob- 
struction and infection, hydronephrosis and 
pyelonephritis are extremely common com- 
plications following ureterosigmoidostomy 
and serve to increase the difficult problem of 
electrolyte imbalance and renal insuffi- 
ciency. Ureteral obstruction per se is a cause 
of hyperchloremia, and this condition fur- 
ther adds to the acidosis caused by chloride 
absorption from the bowel. We have recently 
reviewed 5 patients with insidious prostatic 
obstruction and bilateral hydronephrosis, 
who had no evidence of pyelonephritis or 
dehydration. All 5 had a marked hyperchlo- 
remia, and 1, with prostatic carcinoma, had 
serum chlorides of 120 milliequivalents per 
liter. 

Harvard and Thompson found 5 out of 41 
patients with normal urograms following 
ureterosigmoidostomy for exstrophy, while 
Pool and Cook observed 5 out of 43 patients 
with normal pyelograms 6 months after Cys- 
iectomy for cancer. Leadbetter, by a com- 
bination of the Nesbit and Coffey operations, 
reported 43 normal ureters out of 67 ureteral 
iransplantations. It is unfortunate that nor- 
mal pyelograms do not solve the problem, 


From the James Buchanan Brady Urological Institute, The 
Johns Hopkins Hospital, Baltimore, Maryland. 
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because the currently accepted belief that 
hyperchloremic acidosis occurs only with 
pyelonephritis is incorrect. Of even more 
importance has been the realization that 
normal serum chlorides following uretero- 
sigmoidostomy may only indicate the rapid 
osmotic diuresis in excreting the continu- 
ously absorbed chloride and sodium. This 
osmotic diuresis is one source of potassium 
depletion and, when combined with the 
additional loss from the colon, indicates why 
most patients with ureterosigmoidostomies 
probably lose potassium. The only require- 
ment for metabolic imbalance is contact be- 
tween the urine and colonic mucosa in such 
a manner that rapid run-off does not occur, 
which, in turn, allows absorption of sodium 
and chloride in quantities sufficient to in- 
stitute an osmotic diuresis. The distal seg- 
ment of the rectosigmoid will not solve the 
problem if urinary stasis occurs, since rapid 
absorption of sodium and chloride will occur 
in ashort time from the rectosigmoid mucosa. 
We have recently observed severe potassium 
depletion in a patient with bilateral uretero- 
sigmoidostomy and a transverse colostomy. 
This patient had normal pyelograms follow- 
ing a Leadbetter type of anastomosis, nor- 
mal serum chlorides, and nonprotein nitro- 
gen varying from 20 to 28 milligrams per 
cent. 

Although many reports have appeared in 
the literature on the frequency of renal ob- 
struction following ureterosigmoidostomy, 


no data are available on pyelonephritis and 


renal insufficiency. There are probably two 
reasons: One is the difficulty in measuring 
renal function after colonic diversion of the 
urine has resulted in reabsorption phenom- 
ena and mixing of the urinary and fecal 
streams. The second is the lack of concern 
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Fic. 1. Operative technique. 


over the seriousness of pyelonephritis, ac- 
companied by a failure to appreciate that 
pyelonephritis in the chronic stages is usually 
not a symptomatic disease. 

Many surgeons believe that if recurrent 
chills and fever do not occur in the patient 
with a ureterosigmoidostomy, pyelonephritis 
need be of little concern. This is surely not 
true, because we have observed many pa- 
tients with anatomically normal urinary 
tracts without any history of renal symptom- 
atology and yet with massive numbers of 
bacteria coming from both kidneys. The 
common occurrence of the asymptomatic 
staghorn calculus is everyday evidence for 
the insidiousness of chronic pyelonephritis. 
We have recently removed the ureter of a 
patient from the sigmoid to an isolated ileal 
segment. This child had been asymptomatic 
for 2 years, but at surgery feces were found 
as high as the midureter. This disturbing 
occurrence cannot be detected by the pres- 
ence of chills or fever, or even x-ray evidence 
of air in the urinary tract, as these findings 
are notably absent in such patients. 

The more we learn about pyelonephritis 
and the dynamics of the urinary tract, the 
more important becomes the role of simple 
ascending infection as the route of bacterial 
entry to the kidney. If ascending infection is 
so common in patients with ureters normally 
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placed in the bladder, who would choose to 
have their ureteral orifices continually bathed 
in feces? When we recall the high intraco- 
lonic pressure compared with the low urc- 
teral pressure, in the constant presence of 
feces, diversion of the fecal stream is an ab- 
solute sine qua non, if we are to achieve lon- 
gevity of life with ureterointestinal anasto- 
mosis. 

Because the complications of electrolyte 
imbalance and pyelonephritis are not pre- 
vented in the patient who has anatomically 
normal upper tracts following ureterosig- 
moidostomy, we abandoned this operation 
1 year ago, and have used the Bricker opera- 
tion (2, 3) of an isolated ileal segment with 
minor, though we think important, modifi- 
cations. To us, Bricker’s demonstration of 
the feasibility and advantages of a segment 
of ileum as a conduit for urine to reach the 
skin is a real contribution. 

We have used this operation in 14 patients, 
comprising 26 ureters, and our results are 
unequaled in reports from the current litera- 
ture. We have been pleased in every detail 
with the course of these patients and wish to 
present our minor modifications of Bricker’s 
original procedure. This. is done because 
here is an operation in which careful and 
patient attention to the minor points of sur- 
gery is of the utmost importance. 

In our hands, this operation cannot be per- 
formed in 45 minutes. From incision to clo- 
sure, some 4 hours are required if our only 
purpose is to divert the urine to the isolated 
segment of the ileum. If cystectomy is to be 
performed, an additional 2 to 3 hours are 
required. If this seems unduly long, we can 
only say that we believe the results have 
justified the time spent. 


OPERATIVE TECHNIQUE 


Figures 1, 2, and 3 illustrate our modifi- 
cations. 

1. Along midline incision is made from the 
symphysis to the upper abdomen. The trans- 
verse incision has the disadvantage of passing 
so close to the point of ileal exit in the right 
lower quadrant that the Rutzen bag cannot 
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Fic. 2. Operative technique. 


be applied immediately after surgery with- 
out pressing against the new wound, which 
interferes with healing and prevents a water- 
tight appliance. 

2. After the peritoneal cavity has been 
opened, the viscera are inspected for addi- 
tional disease. If hydronephrosis is present, 
particular attention is directed to the kidneys. 

After freeing any intestinal adhesions, each 
ureter is isolated and divided at the pelvic 
brim (Fig. 1). We do not use any portion of 
the pelvic ureter. The distal segment of each 
ureter is ligated with No. 00 silk. If the ure- 
ters are dilated, the proximal ends are al- 
lowed to drain freely until time for the anas- 
tomosis. On the other hand, if the ureters 
are normal, the anastomosis is greatly facili- 
tated by tying the proximal ends and thereby 
obstructing the ureters until the time of 
ureteroileal anastomosis. ‘The result is a tran- 
sient dilatation of the lower ureter which is a 
decided advantage in the later stages of 
surgery. 

3. At the pelvic brim, the mesosigmoid is 
practically a midline structure, but gradually 
reflects to the left lateral gutter as the sig- 
moid becomes the descending colon. ‘The 
exact reflection of this mesentery from the 
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Fic. 3. Operative technique. 


midline to the left lateral position is variable, 
and when it occurs close to the pelvic brim 
difficulty in freeing the left ureter may re- 
sult. In these cases, it is necessary to incise the 
peritoneum and reflect the sigmoid back 
toward the midline. Because of this lateral 
reflection of the sigmoid mesentery, the left 
ureter is a deeper lying structure in relation 
to the posterior peritoneum than the right 
ureter (Fig. 1). 

4. After incision of the posterior perito- 
neum with ligation and division of both 
ureters, they are then dissected free from the 
retroperitoneal tissues, consisting of periure- 
teral fat and the lumbar arterial blood supply 
to the ureters. The right ureter needs to be 
dissected free for only 3 or 4 centimeters. 
The problem is different with the left ureter, 
because it must be brought through the sig- 
moid mesentery to achieve a position close 
beside the right ureter. It is often necessary 
to dissect the left ureter free of all surround- 
ing tissues for 7 or 8 centimeters. This ureter 
is then tunneled through the sigmoid mesen- 
tery in a gently sloping curve in order to 
avoid sharp angulation. Careful attention 
should be given this point in technique as it 
constitutes a greater cause of left-sided ure- 
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Fic. 4. 


terectasis than the end-to-side anastomosis 
of the ureter to the ileum. We are in disa- 
greement with the anatomic and clinical 
warnings that freeing of the ureter for more 
than 2.5 centimeters may result in ischemia 
of the distal ureter. This admonition of min- 
imal disturbance of the ureter probably was 
based on the poor results from ureterosig- 
moidostomy when many other variables 
were present. In view of the experience with 
ureteroileal anastomosis, it is doubtful that 
liberal freeing of the ureters was ever a cause 
of the poor results. Close inspection of the 
sigmoid mesentery is often rewarding when 
a large avascular area is found and the tun- 
nel can be made quite wide. This is espe- 
cially true in children. However, if the left 
ureter is adequately freed, and angulation 
is thereby avoided, the results are very satis- 
factory. 

After the left ureter is brought through 
the mesentery, both ureteral orifices rest 
within 2 centimeters of each other. The 
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Fic. 4. Case 1. Four year old male exstrophy. Preoperative 7 minute intravenous pyelogram. 
Fic. 5. Case 1. Preoperative 15 minute intravenous pyelogram. 


Fic. 5. 


posterior peritoneum on the left side may be 
closed at this point. 

5. Figure 2 illustrates the following se- 
quence: The ileocecal junction is exposed, 
and an appendectomy is performed. A seg- 
ment of ileum is chosen to be isolated at a 
variable distance from the ileocecal junction. 
The distance from the cecum should never 
be the determining factor, but an effort 
must be made to isolate a segment with 2 
arcades of vessels. The broader the mesen- 
teric base, the less likely the danger of tor- 
sion to the pedicle. 

The length of the loop should be short, 
but the general tendency is to isolate a seg- 
ment much too long. The actual length 
needed is only the distance from the sacral 
promontory to the skin in the right lower 
quadrant which rarely exceeds 12 centi- 
meters. Since the surgeon tends to accept 
whatever length of ileum he originally iso- 
lates, and rarely will shorten it later, we have 
found it a wiser policy to isolate a segment 
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Fic. 6. Case 1. Postoperative 7 minute intravenous pyelogram, 18 weeks after surgery. 
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Fic. 7. Case 1. Postoperative 15 minute intravenous pyelogram, 18 weeks after surgery. 


that almost appears too short. The impor- 
tant exception to this is the case of the pa- 
tient with a fat mesentery in whom all efforts 
fail to visualize the vascular arcades. If the 
operator is unable to choose a visibly vascu- 
lar segment, it is wiser to seek safety in the 
longer loop with a broader pedicle. 

6. The severed ileum is then joined with 
an end-to-end anastomosis, using a contin- 
uous catgut mucosal suture, and 1 row of 
interrupted No. 0000 silk for the serosa. 
igure 2 shows that the isolated segment of 
ileum is brought below the mesentery before 
the end-to-end anastomosis. ‘The mesenteric 
defect between the ileal anastomosis is care- 
lully closed. 

7. The proximal end of the isolated seg- 
ment of ileum is then inverted with 2 rows 
of interrupted No. 0000 silk. 

8. The distal end of the ileum is now 
»rought through a buttonhole in the abdom- 
inal wall. The best site is a point halfway 
between the umbilicus and the anterior su- 





perior iliac spine. This allows the cuff of the 
Rutzen bag to rest on an area free from skin 
folds both at rest and during activity, there- 
by assuring a watertight and odorless appli- 
ance. The distal end of the ileum is pulled 
out from the skin 2 or 3 centimeters, and 
the serosa is sutured to the subcutaneous 
tissue with No. 0000 chromic catgut (not 
shown in Fig. 2). The distal edge of the 
mucosa is then pulled down to the skin and 
sutured with interrupted No. 0000 chromic 
catgut or black silk. As the serosa was pre- 
viously anchored to the subcutaneous tissue 
at some distance from the mucosal edge, 
this procedure everts the ileum like a sleeve 
and causes a bud of mucosa to protrude. 
Thus serositis with prolonged maturation of 
the ileal bud is prevented, and the degree of 
peri-ileal scarring is probably lessened. The 
serosa of the ileum is also sutured to the 
peritoneum with No. 0000 silk as the seg- 
ment of ileum passes into the abdominal 
defect (Fig. 2, inset). 








Fic. 8. Case 2. Fifty-eight year old white male. Preop- 
erative 10 minute intravenous pyelogram. 


The buttonhole through the abdominal 
wall is a true circular defect, passing through 
all the abdominal layers. The several fascial 
layers, muscles, and finally the peritoneum 
are all grasped, one at a time, with an Allis 
clamp and excised as a circular defect. When 
this is completed, a round hole passing to the 
peritoneal cavity is plainly visible. Since the 
closure of the midline incision can later 
change the relationships of these circular 
incised fasciae one to the other, we routinely 
grasp the midline edge of the rectus fascia 
and peritoneum and pull the abdominal wall 
to the midline before making the button- 
hole incision, thereby assuring that fascial 
relationships will not be changed by closure 
of the abdomen. 

9. As the isolated ileal segment has been 
fixed at its distal end, the ureters are now 
ready for anastomosis. The ileum rests on 
the sacral promontory with the ureters im- 
mediately below. Two stay sutures of No. 
0000 silk fix the adventitia of the ureter to 
the ileal serosa on the inferior surface ap- 
proximately 1 to 2 centimeters from the 
antimesenteric border (Fig. 3). Any excess 
ureter beyond that reaching the antimesen- 
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teric border is now excised. If the ureter was 
normal and a ligature was used to dilate the 
the proximal end, this is now cut away with 
any excess ureter, and urine spurts forth for 
the first time since ligation. A stab incision 
is then made through the serosa of the ileum 
into the lumen. This incision is close to the 
ureteral orifice on the antimesenteric border 
of the ileum. The ileal mucosa is quite re- 
dundant when compared with the tight-fit- 
ting serosa, and a clear view’of the ileal lu- 
men is never obtained unless this mucosa is 
grasped with a hemostat, pulled well outside 
the ileum, and excised flush with the serosa 
(Fig. 3). This is a valuable step, rendering 
the anastomosis easier, and the mind of 
the operator free from concern over false 
pockets. 

10. Beginning with the posterior edge of 
the ureter which rests directly against the 
serosa of the ileum, 1 row of interrupted No. 
0000 chromic catgut sutures is used for the 
anastomosis. This suture passes through all 
layers of the ureter and of the ileum, and 
the knots are tied on the outside. Never 
more than 5 sutures are needed for the nor- 
mal ureter. A second row of sutures is un- 
necessary and adds a significant danger of 
obstruction to the normal ureter. 

11. We close the midline incision with 
interrupted sutures of No. 28 gauge stain- 
less steel wire in a vertical figure of eight, 
passing through fasciae, muscle, and peri- 
toneum all in 1 layer. This is a rapid, but 
strong closure. 

12. The operation is not completed until 
the ileal stoma is found to admit the index 
finger as far as the abdominal cavity with- 
out any evidence of constriction. By this 
time urine is welling up out of the ileal seg- 
ment, and the Rutzen bag! is attached at 
the operating table. Catheters placed in the 
ileum are dangerous as they plug easily from 
ileal mucus secretions and require constant 
attention with frequent irrigations in a sys- 
tem singularly susceptible to reflux from the 
irrigating pressure. They serve no purpose 


1We have used the Rutzen-type bag with a valve outlet and 
found it a very satisfactory appliance, especially for children. 
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Fic. 9. Case 2. Postoperative 10 minute intravenous pyelogram, 11 days after surgery. 
Fic. 10. Case 2. Postoperative 60 minute intravenous pyelogram, 11 days after surgery. 


and complicate an otherwise simple postop- 
erative problem. We believe ureteral cathe- 
ters should never be used. 

13. Postoperative care is identical to that 
given in any case of small bowel resection. 
A Levin tube is passed to the stomach while 
the abdomen is still open and remains on 
suction postoperatively until good bowel 
sounds are heard. The tube is then removed 
and the patient is gradually returned to a 
full diet. Neomycin is used for preoperative 
bowel preparation, and crysdimycin® is 
usually our postoperative drug. The patients 
are out of bed the following day, and the 
Rutzen bag is changed daily. 

RESULTS 

In the past year, 14 patients, comprising 
26 ureters, have had transplantations to iso- 
lated ileal segments. Thirteen patients are 
alive and well and have postoperative pyelo- 
grams. In these 13 patients, totalling 24 ure- 
ters, 17 kidneys were normal preoperatively. 
In 15 of these 17, postoperative pyelograms 
were identical to the preoperative studies. 
‘! his fact is illustrated by comparing the pre- 
(perative roentgenograms of a 4 year old 


child with exstrophy (Case 1, Figs. 4 and 5) 
with the postoperative study made 18 weeks 
later (Figs. 6 and 7). 

The only 2 normal kidneys in our experi- 
ence which have not been normal postoper- 
atively have both been on the left side, and 
the dilatation has been extremely minimal. 
Figure 8 is the preoperative study of a 58 
year old white male (Case 2) who had a cys- 
tectomy for carcinoma of the bladder. Fig- 
ures 9 and 10 are 10 minute and 60 minute 
intravenous pyelograms made 11 days after 
surgery. [he 60 minute roentgenogram shows 
disappearance of the slight dilatation pres- 
ent in the left kidney on the 10 minute film. 

Seven of the 24 kidneys were hydroneph- 
rotic preoperatively. All have shown a grat- 
ifying return toward normal. Two of these 
patients are chosen for presentation, because 
the lessons we have learned from them are 
several. Both patients represent cases of ure- 
terosigmoidostomy done 5 years before. Their 
general condition appeared good and would 
lead anyone to believe that their health was 
unimpaired. 


Case 3. T. C., a 6 year old white male with exstro- 
phy, had a bilateral ureterosigmoidostomy on June 2, 
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Fic. 11. Case 3. Six year old white male exstrophy. Bilateral ureterosigmoidostomy 5 years ago in 
1950. Left nephroureterectomy in 1953. Preoperative 15 minute intravenous pyelogram, October 


1955. 


Fic. 12. Case 3. Preoperative 30 minute intravenous pyelogram, October 1955. 
Fic. 13. Case 3. Postoperative 20 minute intravenous pyelogram, 12 days after surgery. 


1950 at the age of 10 months. The technique used for 
anastomosis was the Goodwin- Hudson modification of 
the Madyl operation. There was mild hydronephrosis 
after surgery, but by March 8, 1951 the intravenous 
pyelograms were normal except for minimal ureterec- 
tasis which was present preoperatively. Chemical de- 
terminations in March 1951 showed a nonprotein 
nitrogen of 38 milligrams per cent, a carbon dioxide 
combining power of 24.2 milliequivalents per liter, 
and chlorides of 110 milliequivalents per liter. His 
progress was good until late in 1951 when a left ureter- 
olithotomy was performed. In February 1953, a left 
nephroureterectomy was necessary for calculus dis- 
ease. His epispadias was repaired in June 1954, and 
he entered school. He was active and had no chills or 
fever. His electrolytes in October 1955 were: a non- 
protein nitrogen of 57 milligrams per cent, a carbon 
dioxide combining power of 19.1 milliequivalents per 
liter, and chlorides of 109.6 milliequivalents per liter. 
He was not on medication and seemed to be in excel- 
lent health. 

On October 14, 1955, his right ureter was removed 
from the sigmoid and placed in an isolated ileal seg- 
ment. Figures 11 and 12 represent 15 and 30 minute 
preoperative pyelograms. One week after surgery his 
nonprotein nitrogen was 30 milligrams per cent, a 
carbon dioxide combining power was 30 milliequiva- 
lents per liter, and chlorides were 100.4 milliequiva- 
lents per liter. Phenolsulfonphthalein excretion showed 
45 per cent in the first hour. Figures 13 and 14 are 20 


and 30 minute pyelograms made 12 days after surgery. 
Figures 15 and 16 are 7 and 10 minute x-ray films 
made 16 weeks after the ileal loop. He had gained 
weight, had required no drugs, and his mother pre- 
ferred the Rutzen bag to the occasional malodor pre- 
viously present at night from slight rectal soiling with 
the ureterocolostomy. The hyperchloremic acidosis 
and uremia disappeared 1 week after surgery. The 
nonprotein nitrogen had not fallen below 57 milligrams 
per cent since the nephrectomy in 1953. 

One lesson to us was the disappearance of the long 
standing uremia. Another was his apparent good 
health and the absence of chills and fever, because at 
surgery feces were found as high as the midureter, and 
a No. 12 French catheter easily passed the ureterorec- 
tal junction. Air had never been demonstrated in the 
ureters On x-ray examination, and the absence of chills 
and fever had served as a false indication of the state 
of contamination in the right kidney. 

Case 4. D. H. was a 15 year old white male whose 
exstrophic bladder had been excised in March 1950 at 
the age of 10 years and a bilateral ureterosigmoidos- 
tomy had been performed as an end-to-side anastomo- 
sis similar to the technique of Cordonnier. The pa- 
tient’s general health had been so excellent the last 
2 years that his mother had not brought him to the 
clinic for a single visit. His last recorded electrolytes 
had been in August 1950, at which time his nonpro- 
tein nitrogen was 37 milligrams per cent, and _ his 
chlorides were 115.0 milliequivalents per liter. 
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Fic. 16. 


Fic. 14. Case 3. Postoperative 30 minute intravenous pyelogram, 12 days after surgery. 
Fic. 15. Case 3. Postoperative 7 minute intravenous pyelogram, 16 weeks after surgery. 
Fic. 16. Case 3. Postoperative 10 minute intravenous pyelogram, 16 weeks after surgery. 


He finally came to the Accident Room in Septem- 
ber 1955 with his first episode of acute pyelonephritis 
in almost 3 years. His temperature was 105 degrees F., 
and he was dehydrated. His carbon dioxide combin- 
ing power was 16.4 milliequivalents per liter, chlo- 
rides were 99 milliequivalents per liter, and his non- 
protein nitrogen was 59 milligrams per cent. After 
hydration and subsidence of the acute pyelitis, his 
nonprotein nitrogen fell to 33 milligrams per cent. 
Figures 17 and 18 are 20 minute and 1 hour preoper- 
ative pyelograms made in the latter part of Septem- 
ber 1955. 

On October 3, 1955, both ureters were implanted 
into an isolated segment of ileum. Eight days later his 
nonprotein nitrogen had fallen to 26 milligrams per 
cent, chlorides were 98.4 milliequivalents per liter, 
and his carbon dioxide combining power was 29.2 
milliequivalents per liter. These chemical changes 
occurred in spite of a transient increase in hydrone- 
phrosis which can be seen in Figures 19 and 20. These 
x-ray films are 1 and 2 hour pyelograms obtained 10 


' days after surgery. 


Three months later, having received no medication, 
he had not experienced chills or fever and had gained 
25 pounds. His serum electrolytes on January 9 were a 
nonprotein nitrogen of 29 milligrams per cent, chlo- 
rides of 92 milliequivalents per liter, and a carbon 
dioxide combining power of 26.2 milliequivalents per 
liter. Figures 21, 22, and 23 are 10, 20, and 60 minute 
roentgenograms made 15 weeks after surgery. If this 
patient was thought to be in good health 5 years after 
lis ureterosigmoidostomy, there are no adjectives to 
describe his state of health since diversion of the urine 
{rom his colon. 


Cases 1 and 2 represent our results when 
normal ureters have been transplanted. Cases 
3 and 4 indicate what may be expected ana- 
tomically when hydronephrotic ureters are 
transplanted to an isolated segment of ileum. 
Perhaps even more striking than the ana- 
tomic and chemical improvement noted was 
the improved state of health, manifested by 
excellent appetite, marked weight gain, and 
increased strength. 


COMPLICATIONS 


One patient died on the tenth postopera- 
tive day from a pulmonary embolus. He had 
completely recovered from the operation 
and had been ambulatory for 4 days. He was 
71 years old, and acystectomy was performed 
for a large carcinoma of the bladder. A post- 
operative intravenous pyelogram was not 
obtained, and for that reason he is not in- 
cluded in the 24 renal units analyzed in the 
foregoing. However, at autopsy, the right 
ureter was normal and the left showed mod- 
erate hydronephrosis caused by angulation 
of the ureter as it passed through the sigmoid 
mesentery. The anastomosis of the left ureter 
to the ileum was delicate, and the distal seg- 
ment of this left ureter between the ileal 
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Fic. 18. 


. Case 4. Fifteen year old white male exstrophy. Bilateral ureterosigmoidostomy 5 years ago 


in 1950. Preoperative 20 minute intravenous pyelogram, September 1955. 
Fic. 18. Case 4. Preoperative 60 minute intravenous pyelogram, September 1955. 


anastomosis and the sigmoid mesentery was 
normal. ‘This case constituted the only death. 
One child developed intestinal obstruction 
at the site of end-to-end anastomosis. This 
was somewhat of a freak occurrence because 
at reoperation simple pressure on the proxi- 
mally distended bowel was enough to break 
through a mucosal agglutination and allow 
free flow of the obstructed contents. Never- 
theless, because of this occurrence we have 
not felt safe in simply palpating for the pa- 
tency of the lumen at the end-to-end anas- 
tomosis and insist upon seeing proximal ileal 
contents flow freely to the distal segment, 
even if it is necessary to inject saline into the 
proximal segment above the anastomosis. 
This patient had a complete recovery with 
normal pyelograms (Fig. 4, 5, 6, and 7). 
Our remaining complication occurred in 
the case of an obese woman with an ex- 
tremely fat mesentery. We made the mistake 
of isolating too short a segment of ileum in 
which the blood supply could not be visual- 


ized. The morning after surgery the ileal 
bud was brown and necrotic. She was reop- 
erated upon immediately and about half the 
distal loop was necrotic. A new segment was 
isolated with a larger pedicle, and the ure- 
ters reanastomosed to this longer segment. 
Her postoperative progress was good, and 9 
days later she had normal pyelograms, in 
spite of the left kidney showing grade 1 hy- 
dronephrosis prior to surgery. 

‘Two important lessons were gained from 
this unfortunate experience. In patients in 
whom the mesentery is so fat that even spe- 
cial lights at the operating table fail to illu- 
minate the vascular arcades within the mes- 
entery, it is wiser to sacrifice the ideal of a 
short loop for a safer although longer length 
of ileum. The second observation was the 


chance we had to observe the integrity of 


our ureteroileal anastomosis 24 hours later. 
Only 1 row of interrupted No.0000 chromic 
catgut (Fig. 3) was used, and, to our sur- 
prise, the sealing power of the serous exudate 
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Fic. 21. Fic. 22. 


. 19. Case 4. Postoperative 60 minute intravenous pyelogram, 10 days after surgery. 

. 20. Case 4. Postoperative 2 hour intravenous pyelogram, 10 days after surgery. 

. 21. Case 4. Postoperative 10 minute intravenous pyelogram, 15 weeks after surgery. 
. 22. Case 4. Postoperative 20 minute intravenous pyelogram, 15 weeks after surgery. 








Fic. 23. Case 4. Postoperative 60 minute intravenous 
pyelogram, 15 weeks after surgery. 


of the ileum was so extensive that the suture 
line could not be visualized. Even the row of 
silk at the site of end-to-end anastomosis of 
the ileum was completely covered by this 
serous exudate. ‘This observation, plus the 
high percentage of postoperative normal 
pyelograms and the knowledge that urine 
leakage has not occurred, has given us confi- 
dence that real advantages exist in this sim- 
ple, 1 row anastomosis. Further evidence for 
this belief is present in this case since edema- 
tous and swollen ureters were anastomosed 
to the new ileum at the second operation, 
and yet 9 days later her pyelograms were 
normal. 

There have been no strictures where the 
ileum passes through the abdominal wali, 
but great care has been exercised after the 
midline incision is closed to insure that the 
index finger passes inside the ileum through 
the abdominal wall without experiencing any 
constricting bands. 

We have repeatedly checked for residual 
urine and found no retention. Because of 
this fact, our attempts at determining pres- 
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ence or absence of bacterial organisms have 
not been reliable. 

No patient has received antibiotics except 
for the few days immediately following sur- 
gery. Our only case of clinically recognizable 
pyelonephritis recently occurred 7 months 
after operation in an adult who had norma! 
pyelograms with neither stricture nor resid- 
ual urine in the ileum and whose chills and 
fever promptly subsided with antibiotics. 
One kidney in this patient was nonfunction- 
ing at the time of implantation, but now the 
pyelogram is normal. There have been no 
other incidents of chills, fever, or renal pain 
in this or any other patient. 

No dermatitis has resulted from use of the 
ileostomy bags or the skin cement, but we 
have found it helpful to dry the area occa- 
sionally with an infrared lamp early in the 
postoperative course. 


SERUM ELECTROLYTES 


We have not observed any aberrations of 
the serum electrolytes. Although no patient 
has received any medication, the carbon di- 
oxide combining powers have consistently 
been above 26 milliequivalents per liter. ‘The 
serum chlorides have been well below 100 
milliequivalents per liter. All nonprotein ni- 
trogens have been normal. 

Nevertheless, several interesting problems 
remain to be settled in the electrolyte ex- 
changes. For one thing, the studies of Visscher 
in the dog and Eiseman and Bricker in the 
human leave little doubt as to what must 
occur when urine remains in contact with 
segments of ileum over a time interval of 1 
or 2 hours. There will be rapid absorption 
of chloride, sodium, and urea. Now this 
must also occur to some degree when urine 
flows across the ileal mucosa or awaits the 
next peristaltic wave in the method of ure- 
teroileal diversion described here. In radio- 
active uptake studies on a bladder with an 
ileal graft and on a uremic patient carried 
out by perfusing a long loop of isolated ileum 
at slow perfusion rates, Pyrah and his asso- 
ciates concluded that sodium and chloride 
were absorbed milliequivalent for milliequiv- 
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alent and inferred that hyperchloremic aci- 
dosis would not be of concern in ureteroileal 
anastomosis. However, since sodium chloride 
is acidotic to the plasma by one-third too 
much chloride, this absorption at a milli- 
equivalent for milliequivalent rate can cause 
hyperchloremia, and we submit that the real 
problem is how much absorption occurs. If 
enough sodium, chloride, and urea are ab- 
sorbed to constitute a significant saline infu- 
sion with resulting cellular dehydration, or 
enough urea to institute an osmotic diuresis, 
potassium loss will occur. If the total quantity 
of these ions reabsorbed is not great, then 
the kidney probably handles this without 
undue changes in electrolyte excretions, and 
small amounts of potassium loss can easily 
be made up from the dietary intake. 

In addition to the renal loss of potassium, 
active secretion by the ileal mucosa must be 
considered. As this is probably one source of 
potassium loss foltowing ureterocolostomy 
(13), more studies are needed on ileal seg- 
ments. Pyrah and his associates were able to 
demonstrate a net movement of potassium 
into the ileum as long as the concentration 
of potassium in the perfusate was less than 3 
times the serum potassium. Since the concen- 
tration of potassium in the average urine is 
more than 3 times the serum potassium, the 
warning has been sounded that the danger 
of hyperkalemia may be real. However, 
these studies were in a segment 4 feet long, 
were on a uremic patient, and were made by 
using an artificial solution rather than urine 
as a perfusate. Initial experiments in the 
isolated colon of the dog have shown that 
the level at which potassium changes its net 
movement from into the colon to into the 
blood stream is much higher than 3 times 
the serum potassium (13). The higher this 
level, the greater the magnitude of actual 
potassium loss as a local secretory occurrence. 
‘The lower this level, the greater the danger 
of hyperkalemia. 

Because potassium deficiency may exist 
long before the serum potassium falls, a nor- 
tial serum potassium does not rule out 
chronic loss of this ion. Although we have 
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not performed muscle biopsies or metabolic 
balance studies in our 13 cases to determine 
if a negative balance is present, we have 
carefully looked for signs of diuresis and have 
always found the urinary output to be less 
than the fluid intake. This is a simple obser- 
vation, and should occasionally be noted in 
these patients, as the osmotic diuresis from 
intestinal reabsorption was a grave source of 
difficulty following ureterocolostomy (13). 
Several of our patients have had 24 hour 
urine collections for potassium excretion, 
and these have been normal. Nevertheless, 
this test is far too gross and could only indi- 
cate a severe grade of potassium deficiency. 
Without question, metabolic balance studies 
are needed on patients who have the longer 
ileal segments, who have not received medi- 
cation, and who are many months postopera- 
tive, to determine if the administration of 
potassium results in significant intracellular 
uptake, thereby indicating a chronic loss. 
Since potassium loss is a cause of renal in- 
sufficiency, it behooves us to determine if 
this is a real or false danger. 

It is our opinion that future studies will 
show only minor differences between the 
absorptive characteristics of the terminal 
ileum and the colon, and since potassium loss 
has been the source of so much difficulty fol- 
lowing ureterocolostomy, potassium loss 
rather than hyperkalemia may be the source 
of concern with ureteroileostomies. However, 
with short loops, and rapid run off resulting 
in minimal stasis and negligible residual 
urine, there should be little chance for initia- 
tion of these changes in sufficient magnitude 
to be significant. It may be that the length of 
the loop can be safely elongated without 
greatly altering the magnitude of these ab- 
sorptive and secretory phenomena. Perfusion 
studies with urine of various lengths of ter- 
minal ileum would be useful. Jensen (7), in 
an early case, isolated a segment of ileum 37 
centimeters long in a child with moderate 
hydronephrosis, and 2% years later the 
blood chemistries were normal (6). 

We are well aware that occasionally after 
ureterosigmoidostomy patients have done 
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quite well. Only a metabolic balance study 
will determine if these individuals are potas- 
sium deficient, because it is well documented 
that people can live in seemingly good health 
with a deficient cellular potassium. The stud- 
ies of Schwartz and Relman have amply 
demonstrated this point. When we recall 
that Appleby and Ketwick transplanted ure- 
ters to the cecum, with long term survival 
in some patients, the magnitude of the com- 
pensatory changes must be great. However, 
our estimates of general health in these pa- 
tients have often been colored by comparison 
with the condition for which the operation 
was performed; for example, the misery of 
urinary incontinence, or carcinoma of the 
bladder. That these general impressions of 
what constitutes good health have not been 
sound is our primary reason for presenting 
Cases 3 and 4. Both of these boys appeared 
to be in excellent health, and their results 
would have been considered good clinically, 
although not pyelographically, in any series 
of cases. Yet, one (Case 4) gained 25 pounds 
in 3 months, and the other (Case 3) was liv- 
ing with feces as high as the midureter. The 
dictum of treating the patient and not the 
chemistries has been sounded often enough, 
but it seems that we have erred more often 
in our clinical impressions of what consti- 
tutes good health. 
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STUDIES ON THE PORTAL TENSION OF HUMAN ADULTS 


AUGUSTO H. MORENO, M.D., New York, New York, 
DARDO CHIESA, M.D., and JORGE AFFANIT, M.D., Buenos Aires, Argentina 


MEASUREMENT OF THE VENOUS PRESSURE in 
the portal system of the experimental animal 
was probably first reported by Mall in 1892. 
The pressure levels in this unique venous 
system, or portal tension, aroused the interest 
of the physiologists and other investigators 
particularly in regard to its relation with 
systemic venous and arterial pressures and to 
the variations that followed the injection of 
epinephrine, pituitary pressor extracts, and 
the stimulation of the splanchnic nerves. 

Clinical suggestions of abnormal elevation 
in portal tension in cases of cirrhosis of the 
liver, splenomegaly, esophageal varices, and 
ascitis were occasionally reported before 
concrete evidence in this respect was pro- 
vided by Rousselot and by Thompson, 
Caughey, Whipple, and Rousselot in 1936 
to 1937, the concept of intrahepatic and ex- 
trahepatic portal bed block being subse- 
quently developed by Whipple. 

At the present time portal hypertension 
seems to be a reasonably well established 
fact in many cases of cirrhosis of the liver as 
well as in cases of thrombosis, compression, 
and cavernomatous transformation of the 
portal vein. Its presence associated with liver 
involvement, such as by schistosomiasis, 
sarcoidosis, hemochromatosis, cholangitis, 
or syphilis, and with the so-called Cruveil- 
hier-Baumgarten syndrome and pericarditis 
has been of less frequent occurrence. 

Efforts to correct portal hypertension by 
means of portal to systemic venous anasto- 
mosis and by arterial ligations have resulted 
in much remarkable work, the final outcome 
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of which is in the process of being evaluated. 
Substantial falls in portal tension have been 
reported following both procedures. 

On account of the volume and importance 
of the basic and clinical research related to 
the subject of portal hypertension, the in- 
formation on normal values of portal tension 
reported in the literature (Tables I and IT) 
has been considered rather inadequate. Be- 
cause of the small number of cases studied, 
little significance has been ascribed to nor- 
mal values in veins others than the veins in 
the forearm. The lack of a uniform method 
of estimating the portal tension and of a 
common base-line, or point of measuring, 
has made the comparison of the results ob- 
tained in the different laboratories and hos- 
pitals difficult. In addition, no mention of 
age, sex, race, or other possible variables has 
been made in connection with the normal 
values presented in the literature. 

It is the purpose of this article to report 
the results obtained from the measurement 
of the portal tension in 100 human adults 
subjected to as carefully controlled condi- 
tions as were possible under the limitations 
inherent in clinical experiments. 


MATERIAL AND METHODS 


Since direct measurement of portal ten- 
sion in the normal human subject was not a 
feasible procedure, patients subjected to lap- 
arotomy for conditions others than portal 
hypertension were used as material for this 
study. 

Every possible effort was made to discover 
unapparent causes of variation in normal 
portal tension. Past history was carefully 
searched for alcoholism, infectious hepatitis, 
syphilis, anemia, leucopenia, bleeding from 
the gastrointestinal tract, or any other con- 
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TABLE I.—SOME OF THE NORMAL PORTAL TENSION VALUES REPORTED IN THE LITERATURE 
Portal No. of 
Author tension Units cases Base-line 
Balfour 15 mm. mercury 6 Right auricle level 
Bellis (5) 14-22 cm. water 16 Portal vein 
Berman (7) 11-13 cm. water - — 
Blakemore (11) 80-100 mm. water -- — 
Blakemore (9) 100 mm. water _— 
Blakemore (10) 110 mm. water — -= 
Blalock 100 mm. water - — 
Burch 60-104 mm. water — 
Centeno 10-15 cm. water - — 
DeCamp 150-200 mm. water Level of portal vein 
Dye 75-150 mm. water 4 _ 
Edwards 14-22 cm. water —_— 
Linton (22 8-10 cm. water = 
Maingot 100-150 mm. water Level of sternal angle 
Morton 17-21 cm. water 1 Most dependent portion of the portal bed 
Mulligan 40-100 mm. water — 
Pavlovsky 60-100 mm. water -= —_— 
Shackelford 10 cm. water - Estimated level of the heart 
Taylor (35) 150-300 mm. water a Anterior surface of the bodies of the upper lumbar vertebrae 
Taylor (34) 14-26 cm. water 55 Anterior surface of the bodies of upper lumbar vertebrae 
Thompson 105-125 mm. water 3 Cardiac level 
Whipple 105-125 mm. water 3 _— 
Young 180 mm. water —- 


dition or symptom that could be related in 
any way to the development of portal hyper- 
tension. The age, sex, race, and other useful 
information were charted separately, as well 
as the diagnosis of the present condition and 
the duration of symptoms. A liver profile 
was obtained by means of the various liver 
function tests in use at the present time. At 
laparotomy, the size and appearance of the 
liver and the spleen were recorded together 
with the occurrence of carcinomatous or 
fibrous invasion of the portal bed, engorge- 
ment of its radicals and branches, devel- 
opment of collateral circulation, and any 
other finding thought to be unusual. Liver 
biopsy specimens were obtained at the time 
of surgery and classified according to the de- 
gree of fibrosis, portal infiltration, fatty 


changes, and cholangitis. All patients who 
did not meet the arbitrary criteria of ‘‘nor- 
mality”’ set for this investigation were dis- 
carded irrespective of the values of their 
determined portal tension. 

Portal tension was measured according to 
the method suggested by Taylor and Egbert 
(35) using the anterior surface of the bodies 
of the upper lumbar vertebrae as a base-line. 
A simple, nongraduated glass tube con- 
nected through a length of rubber tubing to 
a No. 18 needle was used as a water manom- 
eter. A metal rod graduated in millimeters 
and provided with a blunt base and a collar- 
like sliding piece was devised and con- 
structed (Fig. 1). The sliding piece could be 
fastened by means of a thumbscrew to any 
point on the metal rod, and the height from 


TABLE II.—SOME OF THE NORMAL PORTAL TENSION VALUES REPORTED IN THE LITERATURE IN EX- 
PERIMENTAL ANIMALS 


Portal No. of 

Author tension Units cases Subjects Base-line 
Bainbridge 85-155 mm. Na citrate is dogs a 
Baret 10-15 cm. water — dogs Portal vein 
Bayliss 8-10 mm. Mg sulfate — dogs — 
Bellis (6) 14-17 cm. water 3 dogs Portal vein 
Berman (8) 8-12 mm. mercury 7 dogs a 
Caldwell 82-88 mm. water 10 dogs” Portal vein 
Child 8-10 mm. Mg sulfate aa — a 
Grindlay 7 cm. water 9 dogs Portal vein 
McMichael (26) 80-100 mm. water = cats Splenic vei 
Myers 7-14 mm, mercury 10 cats - 
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b 


Fic. 1. Equipment for the measurement of portal tension used in this study. a, The simple, non- 
graduated glass tube that connected to a No. 18 needle through a length of rubber tubing was used 
as a water manometer, and the 60 centimeter long metal rod provided with a blunt base and a small, 
circular, sliding piece that was employed to read the corrected recordings. The sliding piece could 
be fastened at any height on the metal rod by means of a thumbscrew and the reading made directly 
in millimeters on the graduated scale (insert). b, For convenience in handling and sterilizing, the 
metal rod was threaded in the middle and could be separated in two pieces. 


the base to that point directly read in milli- 
meters. The blunt base of the metal rod was 
placed over the bodies of the upper lumbar 
vertebrae immediately below the transverse 
mesocolon (Fig. 2), the manometer was filled 
with heparinized saline solution and the 
rubber tubing clamped. The needle was in- 
serted in the right gastroepiploic vein and 
directed from the right side to the left side of 
the patient, the clamp was removed and the 
saline solution permitted to flow into the 
vein until it stopped. When this point was 
reached, the glass tube was moved up and 
down several times to make sure that the 
system was in free balance and the sliding 
piece on the metal rod was fastened at the 
height of the upper level of the column of 
saline solution in the manometer. Portal ten- 
sion, thus corrected to the anterior surface of 
the upper lumbar vertebral bodies was di- 
rectly read in millimeters. 


RESULTS 


Portal tension was determined at the time 
of surgery in 128 cases. Of the total number 
of cases, 28 were considered not suitable for 
the purposes of this study. Of these 28 cases, 
1) patients showed abnormalities in one or 
more of the liver function tests, 8 presented 
various types of local condition that could 


have interfered with normal portal circula- 
tion, and 9 had microscopic evidence of 
pathologic changes in the liver biopsy spec- 
imens. Some degree of portal infiltration 
with mononuclear cells was considered con- 
sistent with the normal picture of the adult 
liver (Fig. 3); however, when this infiltration 
became marked, or fatty changes (Fig. 4) or 
biliary obstruction (Fig. 5) was present, the 














Fic. 2. Method for determining the portal tension, as 
used in this study. This method is based on the procedure 
devised by Taylor and Egbert (35), using the anterior 
surface of the bodies of the upper lumbar vertebrae as a 
base-line for correction. 
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Fic. 3. Low power view of liver biopsy specimen show- 
ing the degree of portal infiltration with mononuclear 
cells that was considered consistent with the picture of 
the liver of the normal adult. Magnification, X 114.6. 


specimen was classified as unsatisfactory and 
the patient discarded. The process of elimi- 
nating these unsuitable cases was accom- 
plished without reference to the determined 
portal tension of each patient. 

The values of the corrected portal tension 
in the 100 cases reported (Table II1) ranged 
from 100 to 340 millimeters of water (sa- 
line), with a mean value of 215 millimeters 
and a standard deviation of +49 millimeters. 
The degree of dispersion around the mean 
(Fig. 6) demonstrated that 67 per cent of the 
variates were included in the stahdard devi- 
ation on either side of the mean, and 95 per 
cent in twice this standard deviation. Group- 
ing of the readings for the series resulted in a 


rather symmetrical frequency distribution of 


variation (Table IV and Fig. 7). 

When each sex was considered separately 
the mean value of portal tension was 195 
millimeters of water for the 36 male patients, 
and 226 millimeters for the 64 female pa- 
tients. Grouping of the readings for the male 
adults on the same decile scale used for the 
entire group showed a well defined asym- 
metrical arrangement toward the lower val- 
ues of the scale (Table V and Fig. 8). In the 
group of female adults a not too well defined 
asymmetrical arrangement toward the high- 
er values of the scale was noted (Table VI 
and Fig. 9) together with a greater frequency 
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of distribution around the general mean of 


the whole group. Differences in portal ten- 
sion between male and female patients were 
statistically significant (P<0.01). 

A certain degree of correlation between 
age and portal tension appeared to exist in 
the group of female patients (correlation 
coefficient = 0.8) but not in the group of male 
patients (Table VII and Fig. 10). 


DISCUSSION 


It is obvious that the experimental sub- 
jects used in this study were not entirely nor- 
mal human adults. Portal tension was meas- 
ured at a laparotomy which had become 
necessary because one or another type of 
pathologic condition was present. A care- 
fully searched history, the performance of the 
liver function tests in use at the present time, 
and the microscopic examination of liver bi- 
opsy specimens were, by no means, a war- 
ranty of normality in portal circulation. A 
normal or unreliable history could not have 
revealed existing causes of portal hyperten- 
sion. Liver function tests are not sensitive 
enough to demonstrate slight or moderate 
degrees of liver function impairment. Micro- 
scopic study of liver biopsy specimens, 
though capable of revealing early changes in 
liver structure, was not a completely satis- 
factory estimate for the purposes of this in- 
vestigation since portal hypertension has 
been known to coexist, in many cases, with 
normal livers. In addition, considerable dif- 
ficulties were encountered in establishing a 
limit between the picture of early pathologic 
changes and that of a normal liver in the 
human adult. As has been pointed out by 
Dunlap and associates, using the liver of a 
healthy child as a normal picture for com- 
parison, as proposed by Mateer and his co- 
workers, seems to be too strict a criterion. 
Changes known to occur following operation 
and anesthesia added a great deal to the dil- 
ficulties in interpreting the results, since for 
the most part these changes were considered 
unpredictable. Because of these difficulties a 
rather arbitrary limit had to be adopted, ac- 
cepting that a slight increase in portal infil- 
tration and fibrous tissue is consistent with 
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Fic. 4. a, Low power view of liver biopsy specimen showing marked portal infiltration and fatty 
changes that rendered the case unsuitable for the purposes of this investigation. Magnification, 





115.1. b, High power view of the same specimen. Magnification, 438.7. 





Fic. 5. a, Low power view of liver biopsy specimen demonstrating marked portal infiltration and 
evidence of biliary obstruction that rendered the case unsuitable for this study. Magnification, 
X115.1. b, High power view of the same specimen. Magnification, X 438.7. 


the normal picture of the liver in adult 
subjects. 

Since direct measurement of portal tension 
at laparotomy in normal human subjects was 
not a practicable proceeding, it became nec- 
essary to accept all these not entirely reliable 
criteria of normality provided that the results 
obtained were not to be used, without the 
correspondent reserve, as values for normal 
subjects. Further progress in estimating por- 
tal tension by correlating it with ‘‘wedge”’ 
hepatic venous pressures might overcome the 
difficulties encountered in this study by per- 
niitting the use of completely normal human 
siibjects. 


Measurement of the portal tension at the 
time of surgery usually has been performed 
by inserting the needle of a water manometer 
into a large tributary of the portal vein. In- 
sertion of a needle in the portal vein itself has 
been mostly restricted to determinations in 
the experimental animal, and though occa- 
sionally employed in human beings, its rou- 
tine utilization in portal tension measure- 
ments has not been generally accepted. 
When a large tributary of the portal vein is 
used the difference in height between both 
vessels must be taken into account if correct 
readings of the portal tension are to be ob- 
tained. The need of a common base-line to 
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establish this correction has been repeatedly 
stressed in the literature, mainly because of 
the variety in reference points used in esti- 
mating the reported normal and abnormal 
values in portal tension. Some of the most 
frequently utilized reference points have 
been: the right auricular level, the cardiac 
level, the estimated level of the heart, the 
most dependent portion of the portal bed, 
the splenic vein, or the portal vein itself. In 
many reports no base-line for the measure- 
ments was mentioned. Correction of the por- 


tal tension readings to the level of the right 
auricle, or to the level of the portal vein it- 
self, though seeming highly desirable in 
many respects, has met with some technical 
difficulties particularly dealing with the ac- 
curate location or utilization of these land- 
marks at the time of the operation. The 
anterior surface of the bodies of the upper 
lumbar vertebrae, proposed as a base-line by 
Taylor and Egbert (35), and again by 
Taylor (34), appears to have the distinct 
advantage of being a fixed reference point, 


TABLE III.—UNGROUPED VALUES OF PORTAL TENSION IN 100 ADULTS OF BOTH SEXES 
Age, Portal Age, Portal 
Case Sex yrs. Diagnosis tension Case Sex rs. Diagnosis tension 
1 F 21 Pep. ulc. 210 51 F 46 Bil. lith. 300 
2 F 47 Bil. lith. 200 52 M 41 Pep. ulc. 200 
3 M 53 Pep. ulc. 194 53 M 39 Pep. ulc. 130 
4 M 61 Gast. ca. 164 54 F 53 Bil. lith. 200 
5 F 35 Bil. lith. 258 55 F 48 Gast. ca. 250 
6 M 65 Panc. ca. 208 56 F 63 Bil. lith. 190 
7 F 26 Bil. lith. 195 57 F 30 Bil. lith. 290 
8 M 38 Esoph. ca. 128 58 F 47 Bil. lith. 200 
9 M 52 Pep. ulc. 187 59 F 38 Bil. lith. 270 
10 F 69 Esoph. ca. 238 60 F 48 Bil. lith. 220 
11 M 56 Bil. lith. 240 61 F 35 Bil. lith. 220 
12 M 64 Pep. ulc. 250 62 F 49 Bil. lith. 220 
13 M 43 Bil. lith. 274 63 M 63 Pep. ulc. 170 
14 F 69 Bil. lith. 250 64 M 66 Gast. ca. 272 
i> F 64 Gast. ca. 210 65 M 31 Pep. ulc. 260 
16 M 60 Pep. ulc. 165 66 M 42 Pep. ulc. 225 
17 M 50 Bil. lith. 160 67 M 35 Pep. ulc. 150 
18 F 40 Bil. lith. 220 68 F 55 Bil. lith. 270 
19 M 68 Gast. ca. 111 69 M 68 Bil. lith. 200 
20 F 55 Bil. lith. 210 70 F 56 Bil. lith. 170 
21 F 52 Bil. lith. 210 71 F 22 Bil. lith. 220 
22 F 63 Bil. ca. 300 v2 M 47 Pep. ulc. 160 
23 F 47 Bil. lith. 200 To F 34 Bil. lith. 180 
24 F 33 Bil. lith. 130 74 F 40 Bil. lith. 170 
25 M 43 No path. 210 vo F 43 Bil. lith. 160 
26 F 25 Bil. lith. 160 76 F 33 Bil. lith. 220 
27 F 57 Bil. lith. 240 Tt F 28 Bil. lith. 190 
28 F 31 Bil. lith. 180 78 F 42 Bil. lith. 270 
29 F 41 Bil. lith. 230 79 F 39 Bil. lith. 230 
30 F 54 Bil. lith. 235 80 F 59 Bil. lith. 200 
31 M 30 Pep. ulc. 180 81 F 42 Bil. lith. 200 
32 M 58 Bil. lith. 224 82 F 47 Bil. lith. 210 
33 F 70 Bil. lith. 290 83 F 48 Bil. lith. 220 
34 F 61 Bil. lith. 250 84 M 27 Pep. ulc. 180 
35 F 62 Bil. lith. 240 85 F 35 Bil. lith. 340 
36 M 41 Bil. lith. 190 86 F 40 Bil. lith. 300 
37 M 42 Esoph. ca. 100 87 M 70 Esoph. ca. 140 
38 M 46 Bil. lith. 210 88 F 23 Bil. lith. 155 
39 M 62 Gast. ca. 170 89 F 17 Bil. lith. 310 
40 M 70 Gast. ca. 180 90 F 41 Bil. lith. 220 
41 F 62 Bil. lith. 300 91 F 56 Bil. lith. 260 
42 F 49 Bil. lith. 170 92 F 36 Bil. lith. 220 
43 M 76 Pep. ulc, 130 93 F 53 Bil. lith. 210 
44 F 63 Bil. lith. 250 94 F 46 Bil. lith. 300 
45 M 55 Bil. lith. 240 95 F 56 Bil. lith. 320 
46 F 63 Bil. lith. 200 96 F 44 Bil. lith. 200 
47 M 40 No path. 320 97 F 45 Bil. lith. 200 
48 M 47 Bil. lith. 270 98 F 31 Bil. lith. 250 
49 M 42 Pep. ulc. 220 99 F 43 Bil. lith. 220 
50 F 46 Bil. lith. 160 100 M 45 Pep. ulc. 240 
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easily and securely located during surgery. 
Although in their first report the authors 
considered that the anatomic arrangement 
of the splenic vein at the site where it crosses 
the vertebral column would make the cor- 
rection adjusted to the level of this important 
portal radical, it appeared clear, even in 
Taylor’s later report (34), that the main ben- 


TABLE IV.—FREQUENCY DISTRIBUTION OF VARIATION IN PORTAL 
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Fic. 7. 


Fic. 6. Scatter diagram showing the individual distri- 
bution of ungrouped portal tension readings in 100 adults 
of both sexes. Twice the standard deviation on either side 
of the mean includes 95 per cent of the variates. 

Fic. 7. Decile frequency distribution of variation in 
portal tension in 100 adults of both sexes. (Decile chart 
after Pearl). 


TENSION IN 100 ADULTS OF BOTH 


SEXES 
Age, Portal Age, Portal Age, Portal Age, Portal 
Sex prs. tension Sex JTS. tension Sex YS. tension Sex JTS. lenston 
M 42 100 M 27 180 F 47 210 F 69 250 
M 68 111 M 52 187 F 53 210 F 61 250 
M 38 128 M 41 190 F 40 220 F 63 250 
F 33 130 F 73 190 M 42 220 F 48 250 
M 76 130 F 28 190 F 48 220 F 31 250 
M 39 130 M 43 194 F 35 220 F 35 258 
M 70 140 F 26 195 F 49 220 M 31 260 
M 35 150 F 47 200 F 22 220 F 56 260 
F 23 155 F 47 200 F 33 220 M 47 270 
M 50 160 F 63 200 F 48 220 F 38 270 
F 23 160 M 41 200 F 41 220 F 55 270 
F 46 160 F 53 200 F 36 220 F 42 270 
M 47 160 F 47 200 F 43 220 M 66 272 
F 43 160 M 68 200 M 58 224 M 43 274 
M 61 164 F 59 200 M 42 225 F 70 290 
M 60 165 F 42 200 F 41 230 F 30 290 
M 62 170 F 44 200 F 39 230 F 63 300 
F 49 170 F 45 200 F 54 235 F 62 300 
M 63 170 M 65 208 F 69 238 F 46 300 
F 56 170 F 21 210 M 56 240 F 40 300 
F 40 170 F 64 210 F 57 240 F 46 300 
F 31 180 F 55 210 F 62 240 F 17 310 
M 30 180 F 52 210 M 55 240 M 40 320 
M 70 180 M 43 210 M 45 240 F 56 320 
F 34 180 M 46 210 M 64 250 F 35 340 
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Fic. 8. Decile frequency distribution of variation in 
portal tension in 36 male adults included in this series. 
(Decile chart after Pearl). 
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Fic. 9. Decile frequency distribution of variation in 
portal tension in 64 female adults included in this series. 
(Decile chart after Pearl). 





TABLE V.—FREQUENCY DISTRIBUTION OF VARIA. 
TION IN PORTAL TENSION IN 36 MALES 


Age, Portal Age, Portal Age, Portal Age, Portal 
yrs. tension yrs. — tension yrs. — tension yrs. ten ion 
42 100 61 164 43 194 56 249 
68 111 60 165 41 200 55 240 
38 128 62 170 68 200 45 240 
76 130 63 170 65 208 64 250 
39 130 30 180 43 210 31 260 
70 140 70 180 46 210 47 200 
35 150 ar 180 42 220 66 a2 
50 160 52 187 58 224 43 274 
47 160 41 190 42 225 40 320 


TABLE VI.—FREQUENCY DISTRIBUTION OF VARIA- 
TION IN PORTAL TENSION IN 64 FEMALES 
Age, Portal Age, Portal Age, Portal Age, Portal 


yrs. tension yrs. — tension yrs. — tension prs. tension 
33 130 53 200 22 220 31 250 
23 155 47 200 33 220 35 258 
23 160 59 200 48 220 56 260 
46 160 42 200 41 220 38 270 
43 160 44 200 36 220 55 270 
49 170 45 200 43 220 42 270 
56 170 a4 210 41 230 70 290 
40 170 64 210 39 230 30 290 
31 180 55 210 54 235 63 300 
34 180 52 210 69 238 62 300 
13 190 47 210 57 240 46 300 
28 190 53 210 62 240 40 300 
26 195 40 220 69 250 46 300 
47 200 48 220 61 250 17 310 
47 200 35 220 63 250 56 320 
63 200 49 220 48 250 5 340 


efit in using this base-line consisted of its 
fixed nature and easy location at the time of 
the operation. Portal tension readings cor- 
rected to this base-line, though producing 
somewhat higher values than those usually 
considered normal, have the importance of 
making easily comparable the results ob- 
tained by different observers and institutions. 

The use of the graduated metal rod de- 
vised and constructed for this investigation 
proved to be of considerable help in accu- 
rately referring the readings in the manom- 
eter to the adopted base-line. In order to 
avoid any possible variable, the portal ten- 
sion was determined in all of the cases in the 
same tributary vein. By the same token and 
because of the knowledge gained in expe- 
riences with Pitot tubes, described by Burch, 
the needle of the water manometer was a!- 
ways inserted in the same direction, i.e., 
from the right side to the left side of the 
patient. 

Under the conditions prevailing in this 
study portal tension varied within rather 
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TABLE VII.—CORRELATION BETWEEN AGE AND 
PORTAL TENSION FOR EACH SEX x | 
Mean Mean I 
Age, yrs. Females values Males values 5 
310 | CORRESPONDENCE BETWEEN AGE AND FORTAL 
220 = [| TENSION IN MALE AND/ FEMALE ADULTS 
17-26 155 208 = = . £ 
160 * 
195 e T 
ese. e 
190 180 Z 
290 ~=—«-220 180 3 4 —- 
27-36 180 258 225 180 192 S “ 5 geen 
250 340 260 — a ban Ee ud , 
130 220 150 z — 
220 eri e ° 
3 ° ° 
. 
270 = 160 oF ° 
230 220 e L 
170 200 128 100 . be 
220 200 130 225 
37-46 300 300 227 320 210 203 ak: 
230 160 190 274 7 37 7 a7 37 a 
220 300 200 240 a ae fi } 4 + 
270 210 220 YEARS OF AGE (IN TEN YEAR PERIODS) 
200 @ FEMALE ADULTS. MEAN VALUES IN PORTAL TENSION FOR 
CORRESPONDING AGE PERIODS. 
° pay oeenie MEAN VALUES IN PORTAL TENSION FOR CORRESPONDING 
po - 160 — PEMALE ADULTS, STRAIGHT LINE FITTED BY LEAST SQUARES. 
200 200 270 Fic. 10. Graph showing the degree of correlation be- 
“ po roo 26 Pe an tween age and portal tension present in the female group 
~56 220 270 194 of patients. A somewhat similar degree of correlation 
250 230 240 could not be established for the male group of patients, 
220 260 240 mainly on account of the marked drop in portal tension 
170 170 corresponding to the last group of ages. Difference in 
portal tension between sexes appears evident. 
240 300 224 250 
200 190 165 208 ’ 
57-66 250 200 238 164 272 203 though being a not completely warranted 
= po pi inference, might pose a provocative question 
for future investigations. 
67-76 7 ia ben Differences in portal tension between 
290 259 140 152 sexes proved to be statistically significant, 


ample limits. Notwithstanding this fact, the 
degree of dispersion around the mean shown 
by the different readings, as well as the way 
they fitted within other mathematical con- 
stants, appeared to constitute a satisfactorily 
regular experiment. From the results ob- 
tained in this group of patients it became 
apparent that the great majority of the de- 
terminations ranged from 100 to 300 milli- 
meters of water, two-thirds of them falling 
within 166 and 264 millimeters. Very few 
readings (4 cases) exceeded the 300 milli- 
meter mark, and certainly none reached 
350 millimeters. Assuming that these values 
would be somewhere near the upper limit of 
portal tension in entirely normal subjects, 
























































the male group showing a general trend to- 
ward the lower values and the female group 
toward the higher values. Whether this 
trend is related in any way to differences 
in hepatic flow is only a matter of specula- 
tion and cannot be inferred from the re- 
sults of this investigation. 

The moderate degree of correlation be- 
tween age and portal tension appearing to 
exist in the group of female patients may 
provide another field for speculation, par- 
ticularly in connection with the effect of age 
in increasing hepatic fibrosis demonstrated 
by others. Quite obviously, no explanation 
can be offered for the fact that the patients 
in the male group failed to show such cor- 
relation. 
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Since both differences in portal tension 
between sexes and correlation with age were 
rather the expression of a general trend with 
many individual cases departing from it, 
they should probably be considered more of 
scientific interest than of practical clinical 
application. They are discussed in an at- 
tempt to attract further thought on the sub- 
ject of their association, if any, to laws of 
nature that might not be clearly under- 
stood at the present time. 


SUMMARY AND CONCLUSIONS 


1. Portal tension was determined at lap- 
arotomy in 100 human adults of both sexes. 
Since these experimental subjects were not 
entirely normal adults, every possible effort 
to discover unapparent causes of portal hy- 
pertension was made. Only cases meeting 
the somewhat arbitrary criteria of normality 
in portal circulation set for the investigation 
were included in this series. However, be- 
cause of the incomplete reliability of these 
criteria, the results reported are not to be 
considered, without the proper reservations, 
as ascribable to normal subjects. 

2. Portal tension was measured according 
to the method suggested by Taylor and 
Egbert (35), using the anterior surface of 
the bodies of the upper lumbar vertebraes as 
a base-line for correction. This method 
proved to be simple and practical, and 
seemed to provide the important advantage 
of making the results obtained by different 
investigators and institutions easily com- 
parable. 

3. Under the conditions prevailing in this 
study portal tension varied within rather 
wide limits, averaging 215 millimeters of 
water for the whole group. ‘Two-thirds of the 
recordings fell between 166 and 264 milli- 
meters, and the great majority ranged from 
100 to 300 millimeters. Only 4 cases showed 
a pressure higher than this last figure and 
none reached the 350 millimeter mark. 
Whether these values are within the limits 
of portal tension in entirely normal human 
subjects, an inference not completely war- 
ranted by these experiences, remains to be 





demonstrated by investigations conducted 
in the future. 

4. Portal tension in the group of male 
patients showed, in a general way, lower 
values than those in the female patients, the 
difference being statistically significant. 

5. Portal tension correlated fairly well 
with age in the group of female patients but 
not in the group of male patients. 

6. Since sex differences and correlation 
with age appeared to represent only a gen- 
eral trend, and many individual cases de- 
parted from it, they should probably be 
considered of little or no clinical significance. 
The question as to whether they are gov- 
erned by some not well understood laws of 
nature is posed. 
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THE TREATMENT OF CANCER OF THE BREAST 





J. CHANDLER SMITH, M.D., Saginaw, Michigan 


In 1894 HALSTED described the radical oper- 
ation that became the standard method of 
treatment of carcinoma of the breast for the 
ensuing half century. In recent years, two 
departures from this conventional practice 
have caused great controversy regarding the 
superior method of therapy. In the first, sur- 
gical treatment became more radical. For 
example, Urban and Baker recommend ex- 
cision of a portion of sternum, the adjacent 
costal cartilages, the underlying internal 
mammary vessels, and the retrosternal and 
supraclavicular lymph nodes together with 
amputation of the breast. Wangensteen ad- 
vises a similar radical procedure in which 
the lymph nodes of the superior mediastinum 
are also excised. ‘The second departure from 
the traditional treatment has been in the 
direction of more conservative therapy. Mc- 
Whirter achieved a favorable rate of survival 
after simple mastectomy followed by exter- 
nal radiation. Garland recommends the 
same method. Others report acceptable rates 
of survival with simple mastectomy alone. 
Furthermore, McKinnon states that there is 
no evidence to indicate that superior results 
attend the early diagnosis and radical treat- 
ment of breast cancer. Deaton reviewed the 
results of treatment of carcinoma of the 
breast and found that the average rate of 
survival was higher after simple mastectomy 
than after the radical operation. The contro- 
versy was thus formed, with one faction pro- 
claiming the advantage of extended radical 
operation, and the opposite number recom- 
mending conservative treatment. The phy- 
sician, confronted with these opposing views, 
each recommended by an authority of wide 
experience, is uncertain as to which voice to 
follow. He is reluctant to advise ultraradical 
operation without convincing evidence of its 
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superiority, and he shrugs from conservative 
therapy for fear of recurrent malignant dis- 
ease. The public is told, on the one hand, 
that the cure of cancer depends on its early 
recognition, and on the other, that the re- 
sults are equally good with delayed and con- 
servative treatment. It is urgent that this 
dichotomy be closed because cancer of the 
breast is common, the mortality is high, and 
the need to provide the greatest opportunity 
for cure prevails. Progress may be made 
toward the settlement of this issue by formu- 
lating the principle of treatment in accord- 
ance with the growth pattern of breast can- 
cer, by considering the accomplishment of 
different methods of therapy, and by review- 
ing the current method of evaluating the 
results of treatment. 


THE PRINCIPLE OF TREATMENT 


Cancer of the breast arises at a single nidus 
and thereafter spreads in a peripheral direc- 
tion so that the dimensions of tissue involve- 
ment continuously increase. The rate of in- 
crease is variable. The tumor cells invade 
breast tissue, permeate lymph vessels to be 
carried outside the breast, and penetrate 
venous channels to be transported in the 
vascular current to sites of distant metastasis. 
Tissue involvement is first minute and un- 
detectable and then gross and obvious so 
that actual spread exceeds apparent spread. 
Thus, the precise distribution of tumor cells 
cannot be determined at the time of treat- 
ment. The cure of breast cancer, however, 
depends on the eradication of all tumor cells. 
Therefore, the principle of treatment of can- 
cer of the breast is the eradication of all 
tumor from the largest amount of tissue at 
the earliest moment with the least risk. The 
superior method may be disclosed by deter- 
mining the procedure that most closely ful- 
fills the objectives of treatment. 
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THE ACCOMPLISHMENT OF TREATMENT 


The correlation between the accomplish- 
ment of different therapeutic methods and 
the objectives of the principle of treatment 
may be reviewed. Simple mastectomy clears 
tumor from only the tissue removed, and 
may be expected to cure only those cases in 
which all tumor cells lie within the ampu- 
tated breast. ‘The difference in the accom- 
plishment of the simple and radical methods 
is the additional amount of tissue cleared of 
tumor by the latter. The superiority of the 
radical method, however, is the proportion 
of cases in which some tumor cells lie outside 
the tissue encompassed by the simple mas- 
tectomy yet all tumor cells lie within the 
tissue excised by the radical procedure. The 
prolonged survival of patients without re- 
currence of malignant disease, in whom 
metastatic cancer has been identified in ax- 
illary lymph nodes after radical mastectomy, 
indicates that this distribution of tumor cells 
is occasionally encountered. For the patient 
treated at this moment, the choice of method 
determines the difference between success 
and health, or failure and the ravages of 
metastatic disease. Therefore, the radical 
treatment is preferable providing the proce- 
dure may be skillfully performed without 
excessive risk of complications due to the 
operation. 

The ultraradical procedures clear more 
tissue of all tumor than is accomplished by 
the ordinary radical mastectomy. However, 
their superiority is limited to those cases in 
which some tumor cells lie outside the tissue 
encompassed by the regular radical opera- 
tion, yet all tumor cells lie within the tissue 
excised by the extended surgical procedure. 
It is doubtful that many such cases occur, 
for it is almost certain that tumor cells, hav- 
ing reached the supraclavicular, medias- 
tinal, or retrosternal lymph nodes, have also 
passed beyond the confines of curability. 
When tumor cells have not reached such 
depths, the excision of so much tissue is 
needless. It thus appears that a favorable 
therapeutic result after a series of ultraradical 
operations would also be nearly achieved, 
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if not entirely duplicated, by the perform- 
ance of the standard radical operation. A 
superiority of the extended radical methods 
may be demonstrated, not by the rate of 
survival of all patients so treated, but by 
the proportion of cases in which absence of 
recurrent malignant disease follows the dem- 
onstration of metastatic tumor cells in the 
retrosternal, mediastinal, or supraclavicular 
lymph nodes of the surgical specimen. It 
may be expected that operative complica- 
tions as well as postoperative discomfort and 
disability will increase as the surgical pro- 
cedure becomes more radical. Therefore, 
the superiority of the ultraradical methods 
must significantly exceed the proportion of 
cases in which the result is adverse due to 
the rigors of the operation. Otherwise, as 
many patients are penalized as profit. 

What may be said for the accomplish- 
ment of simple mastectomy followed by ra- 
diation therapy? External radiant energy is 
cancerocidal for tumor cells within some 
depth of tissue. That depth varies with the 
dose of radiant energy, the density of tissue 
interposed between source and target, and 
the sensitivity of the tumor cells to that 
energy. Thus, it would appear entirely pos- 
sible that the accomplishment of this com- 
bined form of treatment might equal that of 
the standard radical mastectomy in terms of 
tissue cleared of tumor. This is unlikely, 
however, since Ackerman, in review of Mc- 
Whirter’s data, found viable tumor cells in 


‘axillary tissue removed after the application 


of full doses of radiant energy. It may be 
contended, of course, that such tumor cells 
are not viable or are not capable of metasta- 
sis. It is stated by Warren, however, that 
unaltered morphologic appearance is a re- 
liable criterion of viability, as tumor cells 
exposed to a killing dose of radiant energy 
display nuclear changes within 12 hours. 
Therefore, the identification of tumor cells 
in the removed specimen is the critical deter- 
mination that discloses the accomplishment 
of the combined method, for such evidence 
establishes that more tissue is cleared of 
tumor by the radical operation than by the 











application of radiant energy after simple 
mastectomy. Thus, simple mastectomy fol- 
lowed by radiant energy does not appear to 
eradicate all tumor from as much tissue as is 
accomplished by the regular radical mastec- 
tomy. It may be concluded that the amount 
of tissue cleared of tumor by simple mastec- 
tomy may be increased without serious risk 
of complications due to the surgical proce- 
dure, and therefore, simple mastectomy is an 
inadequate treatment for cancer of the 
breast. Furthermore, as the amount of tissue 
cleared of tumor exceeds that accomplished 
by the regular radical mastectomy, the ben- 
efits of treatment diminish, and the compli- 
cations may be expected to increase. The 
most suitable method lies within these bound- 
aries, according to the ability of the operator 
and the condition of the patient to with- 
stand the procedure. 
THE EVALUATION ‘OF TREATMENT 

The question now naturally arises: If sim- 
ple mastectomy is an inadequate treatment 
for carcinoma of the breast, how is it possible 
that extremely favorable rates of survival oc- 
casionally attend this method? The answer 
to this question devolves on demonstration of 
the unreliability of survival rates as expres- 
sions of therapeutic accomplishment.Survival 
after cancer therapy depends on two factors. 
The first is the amount of tissue cleared of 
tumor, and the second is the distribution of 
tumor cells. If all tumor cells lie within the 
tissue cleared of cancer, cure is assured. If 
not, failure is certain. Therefore, survival 
after cancer therapy expresses the ratio of 
tumor cell distribution to the amount of tis- 
sue cleared of tumor. This relationship is 
depicted as follows: 


Tissue cleared of tumor 


a = -— = Survival 
Tumor cell distribution 





‘The tissue cleared of tumor is the accom- 
plishment of the method of treatment. The 
precise distribution of tumor cells cannot be 
determined. The rate of survival expresses 
the ratio of these factors. The rate of survival 
does not reveal the amount of tissue cleared 
of tumor which is the accomplishment of 
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therapy. For example, if a high proportion 
of localized carcinomas is present in one 
series of cases, the survival rate will be favor- 
able after either of comparable methods of 
treatment because tumor cell eradication will 
be complete in most. However, if a high 
proportion of deeply spread cancers happens 
to be present in another series of cases, the 
rate of survival will be unfavorable after 
either of those methods because tumor cell 
eradication will be incomplete in many. 
Therefore, an inferior method that clears 
tumor from a small amount of tissue will be 
attended by a high rate of survival if the 
distribution of tumor cells is for the most 
part localized. Conversely, a superior method 
that clears tumor from a large amount of 
tissue will yield a low rate of survival if the 
distribution of tumor cells is predominantly 
deep and scattered. Therefore, the rate of 
survival is determined principally by the 
variable of tumor cell distribution, and for 
this reason, the rate of survival is an unre- 
liable expression of therapeutic accomplish- 
ment. The rate of survival may be defined as 
the proportion of cases in which all tumor 
cells lay within the tissue cleared of cancer 
by the method of treatment. Significant con- 
sequences derive from these conclusions. 
Since the rate of survival is determined 
principally by the variable of tumor cell dis- 
tribution, a wide range of survival rates may 
be expected to attend different series of cases 
treated by the same method. A tabulation of 
5 series of cases treated by radical mastec- 
tomy revealed 5 year survival rates that 
varied from 54.9 to 37.9 per cent (14). A 
similar inquiry of 5 series of cases treated by 
simple mastectomy revealed 5 year survival 
rates that varied from 63.3 to 18.1 per cent 
(14). Therefore, a comparison of survival 
rates cannot be expected to reveal the su- 
perior method of treatment of cancer of the 
breast because the effect of the variable of 
tumor cell distribution on the rate of survival 
is much greater than the effect of the differ- 
ence in the accomplishment of the methods. 
A favorable rate of survival cannot be attrib- 
uted to the accomplishment of the method in 
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disregard of the variable of tumor cell dis- 
tribution any more than a statistical result 
can be considered more reliable than the 
least reliable of the factors that enter the 
computation. Increasing the number of cases 
does not validate the interpretation that the 
rate of survival expresses the accomplishment 
of therapy. Neither does the result of treat- 
ment express that accomplishment. The re- 
sult of treatment and the rate of survival are 
equivalent terms that express the ratio of 
tumor cell distribution to the amount of tis- 
sue cleared of tumor. That ratio is dominated 
by the variable of tumor cell distribution. 
Therefore, the popular attempt to certify the 
superiority of a method of treatment by a 
comparison of survival rates is not likely to 
be successful so long as the difference in the 
accomplishment of those methods is slight. 
Until the distribution of tumor cells at the 
time of treatment can be accurately deter- 
mined, it is quality of logic rather than quan- 
tity of survival statistics that will be the con- 
vincing determinant of the superior method 
of therapy for cancer of the breast. 

Since the rate of survival is an unreliable 
expression of therapeutic accomplishment, 
discipline should be exercised in the inter- 
pretation of survival rates. For example, a 
survival rate of 80 per cent means that all 
tumor cells lay within the tissue encompassed 
by that method of treatment in 80 per cent 
of those cases. It does not reveal the amount 
of tissue cleared of tumor, and it does not 
mean that all tumor cells will lie within that 
same amount of tissue in any other series of 
cases. Thus, a favorable rate of survival does 
not establish superiority of a method of treat- 
ment of breast cancer. Since tumor cells al- 
ways move in a peripheral direction from 
the site of origin, even though that rate is 
markedly variable, it is not possible to im- 
prove the result of treatment by delaying its 
application or by reducing the amount of 
tissue cleared of tumor. Survival rates indi- 
cating otherwise are attributable to the un- 
reliability of those rates as expressions of 
therapeutic accomplishment. The paradox 
of a favorable rate of survival after a method 
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of therapy that digresses from the principle 
of treatment may be attributed to a fortuitous 
distribution of tumor cells rather than to a 
superior accomplishment of the method. 

Since the rate of survival expresses the 
proportion of cases in which all tumor cells 
lay within the tissue cleared of cancer, the 
stepwise yearly increase in survival rates after 
the same method of treatment may be at- 
tributed to higher proportions of patients 
who are brought to treatment while all tu- 
mor cells are circumscribed about the pri- 
mary site, rather than to any substantial 
improvement in the accomplishment of the 
method. For example, Harrington cites 5 
year survival rates after radical mastectomy 
between the years 1910 and 1944 that read 
in sequence, using nearest whole numbers: 
40, 41, 40, 48, 54, 60, and 62 per cent. The 
credit for this encouraging trend may be 
attributed to the programs of cancer educa- 
tion which emphasize to the public and the 
profession the importance of time to the cur- 
ability of malignant disease. The effective- 
ness of this endeavor is thus apparent, and 
such educational programs should be en- 
couraged and expanded if progress is to be 
continued. Opinions to the contrary, how- 
ever, based on the fallacious assumption that 
survival rates represent therapeutic accom- 
plishment, do grave harm and should be 
sharply discouraged. 

The foregoing discloses that the issue is no 
longer whether the method of treatment at- 
tended by the highest rate of survival is 
superior, but how closely the accomplish- 
ment of the method fulfills the objectives of 
the principle of treatment. This may be il- 
lustrated by two hypothetical incidents. 


Doctor A from the East meets Doctor B from the 
West at the Central Surgical Conference. Doctor A 
states that he is achieving an 80 per cent survival rate 
with simple mastectomy for cancer of the breast. Doc- 
tor B concludes that simple mastectomy is superior to 
his customary radical method. Shortly after this, both 
physicians learn that the rate of survival is determined 
principally by the variable of tumor cell distribution. 
At the next assembly of the Conference some time 
later, the physicians meet again. Doctor A greets his 
friend warmly and states that he is achieving a 50 per 








cent survival rate with radical mastectomy. Doctor B 
expresses surprise and proudly announces that his sur- 
vival rate is 70 per cent with the same therapeutic 
method. Both then agree that the educational efforts 
of the cancer detection program are more successful in 
the area from which Doctor B derives his patients. 


It may be concluded that progress in the 
treatment of cancer of the breast shall derive 
from increasingly early application of the 
superior method of treatment, and that com- 
pliance with the principle of treatment shall 
govern the choice of therapy, for it is on this 
basis that the superior method is most reliably 
selected. 


SUMMARY 


The principle of treatment of cancer of the 
breast is the eradication of all tumor from 
the largest amount of tissue at the earliest 
moment with the least risk. Simple mastec- 
tomy clears too little tissue of all tumor and 
is an inadequate method of therapy. Ultra- 
radical mastectomy offers little benefit over 
the accomplishment of the standard radical 
procedure and may be expected to entail a 
higher risk of operative complications. Be- 
tween these limits lies the superior method of 
treatment. The rate of survival expresses the 
ratio of tumor cell distribution to the amount 
of tissue cleared of tumor. The rate of sur- 
vival is determined principally by the vari- 
able of tumor cell distribution and therefore, 
survival rates are unreliable expressions of 
therapeutic accomplishment. A comparison 
of survival rates carinot be expected to reveal 
the superior method of treatment so long as 
the variable of tumor cell distribution is 
extant and the difference in the accomplish- 
ment of the methods is slight. The accom- 
plishment of therapy is the amount of tissue 
cleared of tumor. The rate of survival does 
not reveal that accomplishment. The rate of 
survival discloses the proportion of cases in 
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which all tumor cells lay within the tissue 
encompassed by the method of treatment. 
Progressively favorable rates of survival after 
the same method of treatment reflect higher 
proportions of cases treated while all tumor 
cells are circumscribed about the primary 
site. Such results may be credited to the pro- 
grams of cancer education which emphasize 
early detection and the importance of time 
to the curability of cancer. Thus, the concept 
of early treatment is reaffirmed. Progress in 
the treatment of cancer of the breast depends 
on increasingly early detection, prompt ap- 
plication of the superior method of treat- 
ment, and selection of that method according 
to compliance with the principle of treatment 
rather than by acomparison of survival rates. 
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THE RELIABILITY OF THE PAPANICOLAOU TECHNIQUE 


WHEN CANCER CELLS ARE FOUND IN THE URINE 


SAMUEL I. ROLAND, M.D., San Francisco, California, and 
VICTOR F. MARSHALL, M.D., F.A.C.S., New York, New York 


EarLy IN 1945 cytologic studies of the urine 
were made available by the Papanicolaou 
Cytology Laboratory for use in all depart- 
ments of the New York Hospital-Cornell 
Medical Center. A preliminary report of 
these studies was made by Papanicolaou 
and Marshall (2) in 1945 and was followed 
in 1948 by amore extensive study by Schmid- 
lapp and Marshall (3). All the reports of 
such examinations of New York Hospital 
patients between August 1945 and June 
1951 have been reviewed. Follow-up data for 
5 years are available in the cases of all but 1 
of the 176 patients in whose urine cancer 
cells were found. Because our objective was 
to determine the reliability of the reports 
indicating the presence of cancer, not to 
evaluate the sensitivity of the test, no follow- 
up was pursued in the other cases. The first 
200 urine specimens studied before August 
1945 were not included as it was believed 
that during that early period the techniques 
and diagnostic criteria might be considered 
in the formative stages rather than based on 
extensive clinical applications. 

During the period selected, in 2,414 pa- 
tients 6,740 reports of urinary sediment ex- 
aminations were made, or an average of 
2.79 studies per patient. On a few occasions 
several specimens gathered from a patient 
over a 1 or 2 day period resulted in a single 
report. The specimens were prepared and 
studied by the staff of the Papanicolaou 
Cytology Laboratory. The specimens were 
classified as follows: class 0, no classification 
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sity Medical College, and the Department of Surgery (Urology), 


—_ Buchanan Brady Foundation, New York Hospital, 
ork, 

Presented in the Forum on Fundamental Surgical Problems 
before the Clinical Congress of the American College of Surgeons, 
San Francisco, October 8 to 12, 1956. 


possible (too few cells or inadequate prepar- 
ation); class I, no evidence of malignant 
neoplasm found; class II, atypical cells pre- 
sent, but no evidence of a malignant neo- 
plasm; class III, cells present giving a sus- 
picion of aymalignant neoplasm; class IV, 
fairly conelusive evidence of a malignant 
neoplasmy ‘class V, conclusive evidence of a 
malignant neoplasm. 

In the first few years of these studies occa- 
sional specimens were reported in overlap- 
ping categories, such as classes III-IV or IV- 
V. When these were used for the purposes of 
this review the lower of the two categories 
was taken. Specimens were submitted by all 
departments of the hospital on the basis of 
whatever indications the individual physi- 
cian wished to use. The series was not a cross 
section of the general population nor neces- 
sarily of a general urologic or cancer prac- 
tice. 

Of the 6,740 cytologic studies, there were 
442 (6.5 per cent) positive (class IV or V) 
reports. Of these 442 positive specimens, 
175 (39 per cent) were class IV and 267 (61 
per cent) were class V. Of the 2,414 patients 
who submitted urine for study, 176 (7.2 per 
cent) had reports indicating the presence of 
cancer cells in the urine. 

The sources of the exfoliated cancer cells 
in the urine are listed in Table I. 

The 11 unexplained reports of cancer cells 
in the urine concerned 8 patients. These 11 
reports represent 2.4 per cent of all the posi- 
tive reports, in 8 patients or 4.6 per cent of 
the 176 patients with positive reports. It can 
be noted that the majority (72.7 per cent) of 
the unexplained reports were of class IV. 
The follow-up data are practically absent in 
Case 1. 





TABLE I.—SOURCES OF THE EXFOLIATED CANCER 
CELLS IN THE URINE OF 176 PATIENTS 


—No. of reports— 
Class Class 


Cases proved by biopsy IV V_ No. of patients 
Renal carcinoma 

RUN in ois pha ooh 4 11 6 

Parenchymal: .6..0:6:006:00% 2 1 2 
Ureteral carcinoma.......... 0 1 1 
Bladder carcinoma.......... 120 219 123 
Bladder leiomyosarcoma... .. 1 0 1 
Bladder papilloma (grade 1 

carcinoma in some classifica- 

DD ech eas ache ohaaweo 7 7 6 
Bladder papilloma with cystitis 

RORAOMG oso cnc ssalsoveing se 3 1 1 
Prostatic carcinoma......... 22 14 16 
Urethral carcinoma......... 2 5 2 
Penile carcinoma............ 0 1 1 
Penile melanosarcoma....... 0 1 1 
Metastatic carcinoma to the 

urinary tract 

Adrenal to kidney......... 1 0 1 

Stomach to kidney........ 0 1 x 

Sigmoid to bladder........ 0 1 1 

Ovaries to bladder........ 0 1 1 

Rectum to bladder........ 3 0 2 

Uterus to bladder......... 1 0 1 

Pancreas with carcinomatosis 1 0 1 
Cases unexplained by biopsy. . 8 3 8 

fo ee ae 175 267 176 


Case 1. A 56 year old white female had 1 class IV 
and 2 class I reports. A calculus was removed by 
ureterotomy, but cystoendoscopy, intravenous, and 
retrograde pyelography gave no evidence of genitou- 
rinary cancer. The patient disappeared from follow- 
up examination after 8 months with no evidence of 
urologic disease. 


Two of the 8 patients died before 5 years 
had elapsed: 


Case 2. A 36 year old white male with total gross 
hematuria had a single class IV report, 1 class I, and 
2 class III reports. He died 2 months later of glomeru- 
lonephritis with uremia. Complete autopsy revealed 
no cancer. 

Case 3. A 70 year old white male with proved 
benign prostatic hyperplasia had a class IV report. 
Three other examinations of the urine were classified 
as I, II, and III. Cystoendoscopy and intravenous 
pyelography revealed no suggestion of cancer. The 
patient was followed for 3 years until his death from a 
perforated duodenal ulcer with peritonitis. He had no 
abnormal urologic findings or symptoms at the time 
of death. Permission for autopsy was not obtained. 


The remaining 5 patients have survived 5 
years during which time at least some per- 
tinent data have been accumulated: 


Case 4. A 65 year old white male while being in- 
vestigated for symptoms of bladder neck obstruction 
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and gross total hematuria had 2 class V reports, 1 
from the bladder urine and 1 from the left upper tract. 
Biopsies revealed only chronic cystitis, and a trans- 
urethral resection of the prostate demonstrated only 
benign adenomatous hyperplasia. Intravenous and 
retrograde pyelograms did notsuggest a tumor. Follow- 
up for over 5 years with cystoscopy and intravenous 
pyelography, the last of these done 4 years and 8 
months since the first class V report, revealed no can- 
cer. Five additional examinations of urinary sediment 
were reported as class I, II, III, III, and III. At the 
present time the patient is free of urinary symptoms, 

Case 5. A 79 year old white male had a class IV 
report shortly before a conservative prostatectomy 
at which time only benign adenomatous hyperplasia 
was observed. Cystoendoscopy and intravenous pyelog- 
raphy at that time were normal. The patient moved 
to another state making accurate follow-up data im- 
possible, but yearly letters from him during the next 
6 years state that he has remained free of urologic 
symptoms. 

Case 6. A 54 year old white female had a class IV 
report on a study of the right ureteral urine while 
being investigated for right flank pain. The right 
pyelogram suggested the presence of a neoplasm, and 
the right kidney was removed. The kidney was normal 
as evidenced by careful gross study and multiple 
microscopic sections. Repeated examinations of uri- 
nary sediment over the next 6 years have all yielded 
class I reports, routine urinalyses have been normal, 
no urologic symptoms have appeared, and the original 
complaint has disappeared. The patient will not per- 
mit cystoscopic or pyelographic examination. 

Case 7. A 71 year old white male with diabetes, 
latent syphilis, and bleeding from the prostatic urethra 
had 3 class IV reports and others of classes I, III, and 
III. Cystoendoscopy and retrograde pyelography re- 
vealed only a congenitally absent left kidney. The pa- 
tient died at another hospital 6 years later of a cere- 
bral hemorrhage and pneumonia. At the time of his 
death he had normal urinalyses and no urologic symp- 
toms. No autopsy was obtained. 

Case 8. A 65 year old white male had a class V 
report during an investigation of a hard nodule in the 
prostate. Cystoendoscopy and retrograde pyelography 
were normal. A perineal biopsy of the prostate dem- 
onstrated only benign adenomatous hyperplasia. Cys- 
toscopy and intravenous pyelography 4 years later 
were normal, and follow-up for over 9 years has con- 
tinued without the patient’s developing urologic symp- 
toms. 


Although we have included all 8 cases as 
our only examples with inexplicably positive 
reports after a 5 year follow-up, 3 patients 
(Case 1, 2, and 3) were either lost to follow- 
up or died of nonurologic disease prior to the 
elapse of a full 5 years. If these 3 cases were 
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to be excluded from the series, largely on the 
basis of insufficient time having elapsed for 
cancer to make its clinical appearance, there 
would remain only 5 unexplained positive 
cases (1.8 per cent of total positive reports 
or 2.8 per cent of the 176 patients having 
positive reports). 

While formulating this review several 
cases came to attention in which the Papani- 
colaou method was impressively reliable and 
a harbinger of urinary cancer. Several such 
cases have been reported previously. 


Case 9. A 78 year old white male had 2 class IV 
and 2 class V reports while being investigated for 
prostatism. Cystoendoscopy and retrograde pyelog- 
raphy were normal except for the prostatic enlarge- 
ment which was found to be benign adenomatous 
hyperplasia after transurethral resection. Cystoscopy 
1 year later was normal. Yearly letters from the pa- 
tient for the next 514 years stated that he was free of 
urologic symptoms. When contacted shortly afterward 
(for the purposes of this review) he stated that he had 
been having total gross hematuria for the past 3 
months. Cystoscopic examination and biopsy at this 
time demonstrated a papillary carcinoma of the blad- 
der. 


An extraordinary example of the relia- 
bility of several positive reports was found in 
the following case: 


Case 10. A 70 year old white female gave a history 
of total gross hematuria. Urine from the bladder 
yielded a class IV report, and urines from the right 
ureter on 2 separate occasions yielded class V reports. 
Left ureteral urine provided only classes I and III 
reports. Cystoendoscopy and intravenous and retro- 
grade pyelography were normal, even in retrospect, 
but blood was seen coming from the right ureteral 
orifice on 1 occasion. After nephrectomy, the speci- 
men had no gross evidence of tumor, but many micro- 
scopic sections from 4 calyces demonstrated carcinoma 
in situ in 3 of them. 


This case has been reported elsewhere in 
detail by Foot and Papanicolaou (1). 


Case 11. A 62 year old white female had a class V 
report during urologic investigation of gross total 
hematuria and urinary frequency. Cystoendoscopy 
and intravenous and retrograde pyelography were 
normal. In the following 9 years 7 intravenous pyelo- 
grams, 4 retrograde studies, and 2 nephrotomograms 
were made, all of which were considered normal. Ten 
examinations of urinary sediments during this period 
were class II, and 7 were class I. Finally after 9 years, 
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TABLE II.—REVIEW OF THE UNEXPLAINED CLASS 
IV AND V URINE PAPANICOLAOU SMEARS 
New classification 


Date originally Original —Cytologists__. 

Case No. read classification A B 
8 5-7-46 Vv IV IV 
1 6-2-47 IV Ill Ill 
7 12-4.48 IV II II 
IV III Ill 
IV Ill Ill 
6 3-6-49 IV II II 
5 3-7-50 IV II II 
3 4-7-50 IV II II 
2 2-4-51 IV II II 
4 6-5-51 V Vv IV 
6-9-51 Vv III II 


pyelography and nephrotomography revealed a renal 
mass. Removal demonstrated a 6 by 4 by 4 centimeter 
adenocarcinoma of the kidney. Retrospective study of 
the many films strongly suggests that the mass was 
present at the time of the class V report. It is of some 
interest that the growth did not exfoliate constantly 
or even frequently. 

Case 12. A 53 year old white female, with a history 
of 4 previous transurethral resections for proved pap- 
illary carcinoma of the bladder and with numerous 
class V urine reports in the past, had a class V report 
at a time when upon careful examination no evidence 
of a urinary cancer was noted. Cystoscopy 2 months 
later revealed no bladder tumor, but biopsy of a 
slightly erythematous area then demonstrated pap- 
illary carcinoma. 

There were numerous other examples of 
patients with positive reports and without 
immediate urologic evidence of cancer who, 
on subsequent examinations, have been 
proved to have genitourinary cancer as in 
Case 12 just described. The changes in cir- 
cumstances from an unexplained report of 
cancer cells in the urine to proved genito- 
urinary cancer have been so frequent with 
the passage of time that it is mandatory to 
follow indefinitely any such unexplained 
finding. 

The positive smears that were unexplained 
in this group of old cases were recently re- 
viewed independently by two staff cytolo- 
gists. Perhaps the experience of an additional 
5 or more years in evaluating these smears 
and improvements in criteria would affect 
the present day classification. All slides but 1 
were available for review. Table II presents 
a review of the Papanicolaou smears in the 
cases of inexplicably positive cytology of the 
urine. 








It can be seen that in all but 2 patients 
the smears were reclassified so that cancer 
was not indicated, with Cases 4 and 8 re- 
taining almost the same classification. In 
only 3 cases did the 2 cytologists differ, in 
each instance by only 1 class. It should be 
noted that the reclassifications cited in Table 
II are the only occasions when a reclassifica- 
tion was done in this entire series of cases. 
The original classifications are the only ones 
used elsewhere in this review. 


DISCUSSION 


There is no doubt that occasional inex- 
plicable or false positive reports of cancer 
cells in the urine will be made. Several such 
instances have been reported in the recent 
medical literature. As in any laboratory aid 
to clinical evaluation this error, however 
small, must be kept in mind. The cytologic 
finding of a 4.6 per cent unexplained positive 
urine in 8 of 176 patients with class IV or V 
urine reports has been sufficiently small to 
make us highly suspicious that a patient with 
such cells in the urine harbors a urinary can- 
cer which, however, may not have yet made 
itself evident in the usually recognizable 
forms. Five of these 8 patients were followed 
for over 5 years. 

Studies of exfoliated cells in the urine have 
been a valuable part of the investigation of 
patients for urinary cancer, especially those 
cancers arising from the transitional epithe- 
lium. Cancers of the renal parenchyma and 
smalk prostatic cancers were not often de- 
tected by this method; but when cancer cells 
were found in such cases, the positive report 
was reliable. Cytologic studies did occasion- 
ally push back the point of recognition of 
such disease and make possible its early 
diagnosis. It should be emphasized that these 
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examinations were made by experienced 
cytologists. 


SUMMARY 


1. A review of 6,740 reports of the exam- 
ination of urinary sediment smears from 
2,414 patients was made. 

2. In 442 (6.5 per cent of the 6,740 re- 
ports) the presence of malignant neoplastic 
cells (classes IV or V) was indicated. 

3. These 442 reports were obtained from 
176 patients, 7.2 per cent of the 2,414 pa- 
tients who contributed specimens. 

4. Cancer has not been demonstrated in 
8 (4.6 per cent) of these 176 patients. Five of 
the 8 patients have been followed for 5 or 
more years, 2 have died without evidence of 
urinary cancer prior to the lapse of 5 years, 
and 1 patient has disappeared from follow- 
up examination after 8 months. 

5. A number of impressive cases were 
found in which the Papanicolaou method 
provided very early evidence of cancer— 
even before careful urologic examination. 
Some of these cases are briefly described. 


CONCLUSION 


When the presence of cancer cells in the 
urine was reported, the patient had cancer 
in the urinary tract in at least 95 per cent of 
the cases. An unexplained positive report 
warrants following of the patient for an in- 
definite period of time. 
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THE RESULTS OF TREATMENT OF OVARIAN CANCER 


WITH ONE MILLION VOLT X-RAY 


FLORENCE C. H. CHU, M.D., New York, New York 


THE IMPROVEMENT OF SURVIVAL RATE in the 
treatment of ovarian cancer by the addition 
of radiation to surgery, as well as the value 
of roentgen rays in palliating symptoms in 
advanced cases, has been reported previous- 
ly. However, an evaluation of the subjective 
and objective responses to irradiation alone 
deserves further consideration. The purpose 
of this report is to present a review of 112 
patients treated by 1,000 kilovolts of irradia- 
tion in the Radiation Therapy Department 
of Memorial Center, with emphasis upon 
an evaluation of the cases of those patients 
who received radiation solely at this time. 


MATERIAL 


From January 1949 to August 1953, 112 
patients with proved ovarian cancer were 
referred to the Department of Radiation 
Therapy for either postoperative or pallia- 
tive treatment. Sixty of these patients were 
referred for irradiation in the immediate 
postoperative period. The remaining 52 pa- 
tients had had prior therapy as outlined in 
Table I. The average interval between the 
time of the first surgical procedure and the 
time of the present irradiation of these pa- 
tients was 31 months, the longest being 15 
years and the shortest 3 months. For the 
purpose of this report, palliation and sur- 
vival time will be calculated from the onset 
of the present course of therapy unless speci- 
fied. Six patients were lost to follow-up ex- 
amination. In another 6 cases the evalua- 
tion of responses to treatment was incom- 
plete or inadequate. Therefore, all 12 cases 
were excluded from the final evaluation. 

Clinical groupings. Since the prognosis of 
ovarian cancer depends largely on the ex- 


From the Department of Radiation Therapy, Memorial Cen- 
ter for Cancer and Allied Diseases, New York. . 


tent of the disease, it is essential to divide 

the cases into several clinical groups. Un- 

fortunately, although many classifications 
have been proposed in the literature, there 
has never been a universally accepted one. 

In the absence of such a standard classifica- 

tion, one which basically is a modification 

of that of Heyman and Schmitz is used in 
this report: 

Group 1—Disease localized to the ovary and appar- 
ently totally removed. 

Group 2—Disease with extension beyond the ovary 
but apparently totally removed. 

Group 3—Disease locally advanced and partially re- 
moved. 

Group 4—Widespread metastases in the abdomen. 
Only limited palliative excision or biopsy 
done. 

Group 5—Recurrent disease after surgery or after 
surgery plus radiation therapy. 


The cases were distributed according to this 
classification as follows: 5 cases in group 1; 
6 cases in group 2; 11 cases in group 3; 38 
cases in group 4; 52 cases in group 5. It 
must be pointed out that our material is es- 
sentially advanced; the majority of the cases 
fall into groups 4 and 5. This is partly due to 
the fact that postoperative radiation therapy 
was not given routinely in those early cases 
in which the operating surgeons believed 
the tumor had been totally removed and 
partly due to the fact that there was a large 
number of recurrent cases (Table I) referred 
to the Memorial Center for further therapy. 

Pathology. When available the slides were 
reviewed by the late Dr. Sophie Spitz of the 
Pathology Department at this institution. 
Sixteen cases of adenocarcinoma were not 
further classified because either the biopsy 
material was not sufficient for further diag- 
nosis or because the original slide was not 
available for review. The distribution of 
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TABLE I.—PREVIOUS THERAPY IN 52 RECURRENT CASES 


No. of patients No. of patients No. of patients 
with 7 surgical with 2 surgical with 3 surgical Total No. 
procedure procedures procedures of patients 
OMEN oo voinis excess ons SCA eaesaNne sous 6 4 3 13 
Surgery plus irradiation 
NE MMIII aiiic's asks, fists «vcs oe Oe ne ae 20 6 2 
EIN erat Ws aWik nasi vans bcsbateig vies wroresis, sie 84 3 1 1 
NN aie aca na nie S.cwihw wie Sask oleae oe 1 _ — 34 
Other combined treatments 
gOS Oe DE oe ee re 1 oo _ 
IRAE RNS PII. 65.05 oi: 050s 5.5 670.6 8 prerene 1 1 — 
PIE 2 WET MR OO 6 6.05556 056.550: 2 viereieus ds 0:00 -- 1 _— 
BEES GUUS F SIROROON 0:5 656650 560055 oscec see aies 1 _ — 5 


cases according to histology and the over-all 
survival time from the first surgical proce- 
dure may be seen in Table II. There were 
85 cases of serous adenocarcinoma which 
comprised approximately 75 per cent of the 
entire series. The serous adenocarcinoma 
was subdivided into 3 groups according to 
the microscopic picture—papillary, solid, 
and mixed papillary and solid—in an at- 
tempt to see if any difference existed in the 
behavior of the patients in these categories 
toward irradiation. There were 6 cases of 
pseudomucinous carcinoma. In the less com- 
mon types of tumor there were 2 cases of 
dysgerminoma, 3 of granulosa cell carci- 
noma, 1 case of malignant teratoma, and 1 
case of embryonal adenocarcinoma. 

Age distribution. The age distribution of the 
series was as follows: 11 to 20 years in 3 
cases; 21 to 30 years in 1 case; 31 to 40 years 
in 14 cases; 41 to 50 years in 43 cases; 51 to 
60 years in 35 cases; 61 to 70 years in 14 
cases; 71 to 80 years in 2 cases. About 70 
per cent of the 112 patients were in the age 
group of 41 to 60 years, the average age 
being 50 years. 

Symptoms and signs. It has been repeatedly 
mentioned in the literature that the symp- 
toms and signs of ovarian cancer are vague 
and varied at the early stages. Many pa- 
tients do not have symptoms until the tumor 
is large enough to cause pressure on neigh- 
boring structures such as urinary bladder 
and intestine, or until ascites occurs. Delay 
in diagnosis of ovarian cancer is due in part 
to the insidiousness of the onset of symptoms 
and in part to the fact that the tumor is not 
readily accessible for examination or biopsy. 


The initial symptoms of the patients in 
the present series were: abdominal swelling 
in 15 cases; mass in 10; pain in 16; pressure 
in 6; menstrual disturbance in 13; abdomi- 
nal swelling and pain in 17; gastrointestinal 
disturbance in 4; gastrointestinal distur- 
bance and weakness in 2; genitourinary dis- 
turbance in 2; genitourinary disturbance 
and weakness in 2; menstrual disturbance 
and pain in 3; menstrual disturbance, pain, 
and weakness in 6; abdominal swelling and 
weakness in 5; pain and weakness in 3; 
menstrual disturbance and loss of weight in 
1; vague complaints in 7. The most common 
symptoms were abdominal swelling, pain, 
menstrual disturbance, and weakness. Gas- 
trointestinal and urinary difficulties were 
also frequent. It is interesting to note that in 
our series, 86 patients gave the date of onset 
of symptoms, and there was an average de- 
lay of 10 months before surgery or biopsy 
was performed and diagnosis was established. 


TREATMENT 


The physical factors of the 1 million elec- 
tron volt machines in use at the Memorial 
Center at the time of this report were as fol- 
lows: 


1. Half value layer 3.4 millimeters of lead, filter 
1.6 millimeters of tungsten and 8 millimeters of cop- 
per, target skin distance 100 centimeters and output 
50 roentgens per minute. 

2. Half value layer 3.9 millimeters of lead, filter 
2.0 millimeters of lead, 2 millimeters of mercury and 
8 millimeters of copper, target skin distance 70 centi- 
meters and output 50 roentgens per minute. 


The basic plan was to deliver a tumor dose 
of 4,000 roentgens in 5 weeks. However, the 
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TABLE II.—DISTRIBUTION OF 112 CASES ACCORDING TO PATHOLOGY AND OVER-ALL SURVIVAL TIME 
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——Living. Dead. —Lost to follow-up. Average survival from 

Patholog y* No. of cases No. Percent No. Per cent No. Per cent _first surgery, mos. 
Serous adenocarcinoma................ 85 20 23.5 61 71.8 4 4.7 27.8 

PMT END LWewnnanetacvncnvemen 32 

Ge crackysess ces duaeacscenceas 30 

Mixed papillary and solid.......... 23 
Adenocarcinoma unclassified............ 14 4 28.6 9 64.3 1 7.1 21.1 
Pseudomucinous adenocarcinoma........ 6 1 5 0 34.3 
Dysgerminoma......ccccsccccecccccccs 2 2 0 0 24.0 
| eee ee ee 1 0 1 0 7 
Embryonal adenocarcinoma............ 1 0 1 0 6 
Granulosa cell carcinoma............... 3 2 0 1 38.5 





*Classified by the late Dr. Sophie Spitz. 


tumor dose varied from a few hundred 
roentgens to 5,000; the majority of the pa- 
tients received 3,000 to 4,000 roentgens in 4 
to 5 weeks. One anterior and 1 posterior 
opposing fields were used. While about 50 
per cent of the patients received total abdom- 
inal irradiation with an average field size of 
30 by 30 centimeters, the remainder of the 
patients had treatments to the entire pelvis 
or half the abdomen or a localized area with- 
in the abdomen or pelvis, depending on the 
extent of the disease. Those patients who re- 
ceived less than 1,500 roentgens were either 
too ill to tolerate, or too unco-operative to 
complete the irradiation as advised. 

The supervoltage roentgen ray was pre- 
ferred to the 200 to 250 kilovolt range of ra- 
diation in treating ovarian cancers because: 

1. Greater percentage depth dose in rela- 
tion to skin dose. One of the major signs of 
advanced ovarian cancer is enlargement of 
the abdomen due to tumor mass or ascites. 
In extreme cases the anteroposterior diam- 
eter may measure as much as 34 centimeters. 
To deliver an adequate tumor dose to the 
midplane of the abdomen (17 cm.) by 200 
to 250 kilovolt roentgen rays without caus- 
ing severe skin damage or systemic side ef- 
fects is almost impossible. If 22 centimeters 
were taken as the average anteroposterior 
diameter of the abdomen for most cases, the 
per cent depth dose to skin dose at 11 centi- 
meters for a field size of 30 by 30 centi- 
meters with 1,000 kilovolts is 59 per cent, as 
against 49 per cent with 250 kilovolt roent- 
gen rays of a half value layer of 2.0 milli- 
meters of copper. 





2. Higher skin tolerance. The skin shows 
much less reaction to supervoltage roentgen 
rays. In most of the cases a skin dose of 4,500 
roentgen in 5 weeks produced only a dry 
desquamation. In very few cases a moist re- 
action was present in the inguinal and glu- 
teal folds. If the same skin dose were deliv- 
ered to such a large field with 200 to 250 
kilovolt roentgen rays, a moist skin reaction 
would be almost inevitable. ‘The threshold 
erythema dose of 1,000 kilovolt roentgen 
rays is 1,000 roentgens, while that of 250 kil- 
ovolt roentgen rays is around 600 roentgens. 

3. Less systemic effect. For reasons as yet 
unknown, but perhaps related to integral 
dose, supervoltage therapy produces less sys- 
temic effects than the lower energy roentgen 
rays. For example, given 4,000 roentgens to 
a depth of 11 centimeters, 30 by 30 centi- 
meter opposing fields, the integral dose by 
1,000 kilovolt roentgen rays is 60 megagram 
roentgens and by 250 kilovolt roentgen rays 
is 65 megagram roentgens. Although most 
patients in our series developed some side 
effects such as nausea, vomiting, and diar- 
rhea during the course of irradiation, they 
were of a much milder degree than those 
seen with lower voltage therapy, so that 
most of the patients were able to complete 
the prescribed course of treatment. 

4. More uniform distribution. The distri- 
bution of ionizing radiation in the tissue is 
more homogeneous in the case of supervolt- 
age therapy. 

5. It is not necessary to use multiple small 
fields in irradiating the abdomen or pelvis 
with 1,000 kilovolt roentgen rays, so that 
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TABLE III.—COMPARISON OF RESPONSE TO IRRADIATION IN CASES OF SEROUS ADENOCARCINOMA 
(GROUPS 4 AND 5) 











| eee Impr 
No. of cases Duration, mos. Survival from time 
Histology evaluated No. Percent No. Percent Subj. Obj. of irradiation, mos. 
RUMMY sto50 x SUG aa eee uariniee et 20 5 25 15 75 12:5 10 15 
SS Saas OO ee ee ee 14 4 29 10 71 14 6.5 9.6 
Mixed papillary and solid........... 12 4 23 8 67 9 6 12.4 
TABLE IV.—COMPARISON OF SURVIVAL OF CASES OF SEROUS ADENOCARCINOMA 
Total No. Living Dead. —Lost follow-up_ Survival from time 
Histology cases No. Percent No. Percent No. Per cent of first operation, mos. 
RUAN 6 s5s.5 5 cis ieclsleiid oe facie wale 32 12 37.5 20 62.5 0 0 36 
PME se caaisie wns Aas siesisie.e's Ses 3s 30 5 16.7 22 73.3 3 10 25 
Mixed papillary and solid........... 23 2 13.0 19 82.6 1 4.4 20 


overlapping or separation of the fields is not 
a problem. 


EVALUATION OF RESULTS 


The primary objective of this report is a 
careful evaluation of the value of irradiation 
in the management of advanced cases of 
ovarian carcinoma. Although many reports 
mention palliation of symptoms by roentgen 
treatment, only a few gave actual percentage 
and duration of the palliation. Freed and 
Pendergrass reported 75 per cent of their 64 
patients with recorded symptoms showing 
improvement after irradiation. Harris and 
Payne reported 60 per cent of 20 patients 
had relief of pain, 36 per cent of 22 patients 
had control of ascites, and 31 per cent of 32 
patients, showed shrinkage of tumor. 

Strictly speaking, no two series of cases 
of ovarian cancer are exactly comparable. 
These cases vary greatly in the histologic 
type, grade, and clinical stage of the disease. 
Moreover, some patients receive other mo- 
dalities of therapy such as chemotherapy, 
hormone therapy, or surgery before, during, 
or after irradiation, and there are differences 
in the radiation therapy itself in terms of 
dosage, fractionation, and size of fields. 

Our cases were studied in terms of the 
percentages which showed objective and 
subjective responses, the duration of such 
responses, and the average survival in months 
from the onset of the present course of ther- 
apy at Memorial Center. The criteria of 
subjective and objective responses may be 
summarized as follows: 





By subjective response is meant improve- 
ment of symptoms such as relief of pain, in- 
creased strength, or relief of gastrointestinal 
or urinary distress. By objective response is 
meant improvement of the physical signs 
such as shrinkage of intra-abdominal masses, 
reduction of accumulation of ascitic fluid, 
and relief of intestinal obstruction. 


ADENOCARCINOMAS 


Since over 75 per cent of the patients in 
this study had tumors classified as adenocar- 
cinoma, they will be presented in one group. 
The remaining patients with various other 
types of pathologic conditions will be con- 
sidered separately. 

Treatment in this group of patients was 
divided into three major categories: (1) 
roentgen therapy alone; (2) combination of 
surgery and roentgen therapy; and (3) com- 
bination of surgery, roentgen therapy, and 
other modalities. 

Classification groups 4 and 5, already 
discussed, were combined in the evaluation 
since they represented essentially all the ad- 
vanced cases. The figures of duration of 
responses, as well as of survival time, may be 
considered as a minimum because many of 
the patients were still maintaining good re- 
sponses and some of the patients were alive 
and well at the time of the evaluation. 

Results of roentgen therapy alone. The patients 
in this category represent our chief interest, 
since they were treated solely by radiation 
at this time. Sixteen cases fall into group 4 
in which widespread disease in the abdomen 
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was found at the time of exploratory laparot- 
omy, but no excision of the tumor mass 
aside from biopsy was performed. Thirty-six 
cases fall into group 5 in which recurrent 
disease was found after surgery with or with- 
out postoperative radiation therapy and fur- 
ther surgery was not considered advisable at 
that time. Thus, both groups of patients 
represented advanced cases and none had 
had palliative surgery at least 3 months 
prior to the present course of irradiation. 

Of the 52 patients evaluated in this cate- 
gory 17, or 31 per cent, failed to respond at 
all. All except 1 of these patients were dead 
at the time this report was written. The 
average survival from the onset of irradiation 
was only 4 months. 

Thirty-five patients, or 69 per cent, had a 
response either subjective, objective, or both, 
to the irradiation. The average duration of 
subjective improvement was 10 months and 
of objective improvement 9 months. The 
average survival of this group was 15 months 
with 9 patients still alive at the time of this 
report. 

The results were further analyzed and 
correlated with the radiation dosage. Among 
the 17 failures, only 8 patients received a 
tumor dose of more than 3,000 roentgens. 
The remaining 9 patients were too ill to com- 
plete the prescribed course of treatment, 3 
receiving less than 1,000 roentgens, 3 be- 
tween 1,000 to 2,000 roentgens, and the 3 
others between 2,000 to 3,000 roentgens. 
In the group of the 35 patients with favor- 
able responses, 3 of the 4 who manifested 
subjective response alone had received more 
than 3,000 roentgens; 8 of the 9 with objec- 
tive response alone had received more than 
3,000 roentgens, and 20 of the 22 who had 
both objective and subjective responses had 
received more than 3,000 roentgens. Thus 
it is evident that the vast majority of patients 
with any response at all had received more 
than 3,000 roentgens and none had received 
less than 2,000 roentgens. 

It would seem highly improbable that the 
improved responses were independent of the 
increased dosage. Rather, it seems reason- 
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able to assume that the more favorable re- 
sults were directly related to the higher ra- 
diation dosage delivered. Adenocarcinoma 
of the ovary is essentially a radioresistant 
tumor and therefore requires heavy irradia- 
tion to obtain any response. This view has 
been substantiated by several postirradiation 
laparotomies and also by some autopsy find- 
ings in this series. Bulky tumors were still 
found even though a full course of radiation 
had been given. In only 2 cases was marked 
shrinkage of the tumor noted; in 1 of these 
the tumor was labelled by silver clips at the 
time of the first laparotomy, and at the sec- 
ond laparotomy after irradiation it was 
noted that the tumor had completely disap- 
peared. Although this is a relatively unusual 
situation it is our feeling that the majority 
of cases will respond to radiation, even if 
not to any great extent. 

When Freed and Pendergrass divided 
their 84 cases according to dosage, they 
found that the patients who received more 
than 1,500 roentgens (up to 6,000 r.) had a 
significantly higher survival rate than the 
patients;who received less than 1,500 roent- 
gens. Although their division was made at 
1,500 and ours at 3,000 roentgens, the prin- 
ciple of increased effectiveness with increased 
dosage is amply demonstrated. A tumor dose 
of 3,000 to 5,000 roentgens has been recom- 
mended by other authors, as well. 

When palliation is the major achievement 
of therapy, it is difficult to evaluate prolonga- 
tion of life because of the absence of “‘cure”’ 
rates and because of the lack of objective 
data on the natural history of the untreated 
disease. It is the impression of many authors 
that life is extended. 

Correlation of results with histologic subdivisions 
of serous adenocarcinoma. While some authors 
put little emphasis on the role of histology in 
the prognosis of ovarian carcinoma, others 
believe that histologic grading is an impor- 
tant factor. We were interested in determin- 
ing whether there was a real difference in 
the behavior or response of the serous adeno- 
carcinoma, and the cases were therefore 
studied and compared with this in mind. Of 
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TABLE V.—RESULTS OF SURGERY AND X-RAY TREATMENT OF ADENOCARCINOMA OF THE OVARY 


Duration of im- 











’ pr 
Percent Subj. On. 


t, mos. No. No. 


Average survival, 


alive dead mos. 
100 42 39 5 0 43 
100 25 23 5 1 26 
89 30 25 4 5 29 
62 17 14 7 6 17 
82 27 21 21 12 26 


TABLE VI.—RESULTS OF COMBINED TREATMENT 


No. of cases Failure. —Impr 

Groups evaluated No. Percent No. 
eS ioe ieee 5 0 0 5 
TEs Oe eee 6 0 0 6 
Be uuie eG swine 9 1 11 8 
eee 13 5 38 8 

js ee pe eae 33 6 18 27 
Treatment 
PAO: aii ss sea pip abiwweeb are ncseats 1 
PRR ce cicGnincneahaose lew aan esn.o eer 3 
NIE sy os ese giseie sos oe Cpetie sa oie 3 
Surgery and x-ray +TEM and testosterone... 2 

2 a ee eae Mer yr aerate ae 9 


the 46 patients with serous adenocarcinoma 
receiving radiation therapy solely, 20 were 
papillary, 14 were solid, and 12 were mixed 
papillary and solid. Subjective and objective 
responses are presented in Table III. There 
does not appear to be any significant differ- 
ence in the responsiveness of any of the 3 
histologic types of serous adenocarcinoma to 
this modality of therapy. However, as can 
be seen in Table IV the patients with papil- 
lary serous adenocarcinoma appear to have 
a longer over-all survival time from the 
time of the first surgical procedure than 
those with solid and mixed papillary and 
solid types, confirming the observation 
already reported in the literature. The 
slightly prolonged survival after treatment, 
noted in the papillary type, might be a re- 
flection of the natural history of these tumors, 
rather than a beneficial effect of one modal- 
ity of treatment. 

Results of combined surgery and radiation 
( Table V). Thirty-three patients of all clinical 
stages received either radical surgery or par- 
tial excision of the tumor followed by radia- 
tion therapy in the immediate postoperative 
period. There were only 5 patients in group 
1, all of whom were living with no evidence 
of disease and with an average survival time 
from the onset of therapy to the preparation 
of this report of 314 years. 

There were 6 patients in group 2, all of 
whom showed improvement from the com- 
bined treatment, but 1 patient in this group 
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died 15 months later. The other 5 patients 
were alive with no evidence of disease, hav- 
ing an average survival time of over 2 
years. 

Of the 9 patients in group 3, 1 failed to 
respond to treatment. Eight patients had 
improvement which lasted over 2 years. 
Five patients were dead at the time of writ- 
ing this report. The average survival time of 
all 9 patients was 29 months. 

In the 13 patients with more advanced 
disease, groups 4 and 5, the response to palli- 
ative surgery and irradiation was not as 
good. Only 8 patients (or 62 per cent) had 
any improvement; the duration of the sub- 
jective improvement was 17 months and ob- 
jective improvement 14 months. The aver- 
age survival of the entire group was 17 
months. Six patients have already died. 

The results of combined surgery and radi- 
ation therapy reported here are in line with 
previous reports. Patients in groups 1 and 2, 
as anticipated, had better responses than 
those in Groups 4 and 5. This observation 
clearly indicates that the earlier the diagno- 
sis is made and the earlier the treatment is 
instituted, the better the prognosis. 

Combination of surgery, roentgen therapy, and 
other modalities (Table VI). There were only 
9 cases in which a combination of surgery, 
roentgen therapy, and other agents such as 
radioactive gold, nitrogen mustard, trieth- 
ylene melamine (TEM), Coley’s toxin, and 
testosterone were used. In general, the re- 
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Total No. treat- treat- 
Type of cancer cases ment ment No. 
Dysgerminoma............. 2 0 Surg. 2 
and 
x-ray 
Malignant teratoma........ 1 Surg. x-ray 0 
Embryonal adenocarcinoma. 1 Surg. x-ray 0 
Granulosa cell carcinoma.... 3 Surg. x-ray 2 


sults were poor, but these cases were ad- 
vanced and highly selected. Since the num- 
ber of cases was so small, the results do not 
lend themselves to any careful or systematic 
evaluation. 


OTHER TUMORS 


The results of treatment in cases of rarer 
types of tumors of the ovary are listed in 
Table VII. Although the cases were few, 
and therefore not statistically significant, 
they more or less reflected the generally 
known behavior of these tumors. For exam- 
ple, dysgerminoma which is comparable to 
seminoma of the testis in the male in its fa- 
vorable response to radiation, had good re- 
sponses to roentgen therapy in this series. 
The 2 such patients are living and well with 
no evidence of disease 2 years after surgery 
and irradiation. One of these patients, a 31 
year old white female, had widespread peri- 
toneal implants at the time of surgery. Three 
months after completion ofradiation therapy, 
in which a tissue dose of 3,200 roentgens 
was delivered in 4 weeks, a second laparot- 
omy was performed and no peritoneal im- 
plants were seen. 

The 2 cases of malignant teratoma and 
embryonal adenocarcinoma occurred in pa- 
tients in the age group of 11 to 20 years and 
both died within 7 months of surgery and 2 
months of the irradiation. There were 3 pa- 
tients with granulosa cell carcinoma, 2 of 
whom were living over 3 years and 1 was 
lost to follow-up. 


COMPLICATIONS 


Most of the patients who had pelvic ports 
or small abdominal ports tolerated the treat- 
ment fairly well. Almost all patients who 
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TABLE VII.—RESULTS OF TREATMENT IN CASES OF RARER TYPES OF CANCER 
Prior Present Improvement. 


Survival. 








Duration, mos. From onset, mos. 
Subj. On. Living Dead Lost Surg. Rad. 


22 22 2 0 24 23 
0 1 7 1.5 
0 1 6 2.0 

25 24.5 2 0 1 38.5 26.0 


had irradiation of the whole abdomen devel- 
oped radiation reactions of varying degrees, 
including some mild nausea, vomiting, diar- 
rhea, and weakness. Only 6 patients devel- 
oped symptoms of such severity that the ra- 
diation had to be discontinued. One patient 
had an exacerbation of ulcerative colitis and 
died ; 2 patients developed leucopenia which, 
however, was transitory. Skin reaction was 
never a real problem, most patients having 
only an erythema and dry peeling. However, 
a few developed a moist desquamation in 
the inguinal and gluteal folds. 

In view of the fact that severe systemic 
reactions do occasionally occur, the question 
arises whether irradiation for palliation is 
truly worthwhile. In this situation we are 
confronted with a tumor which not only re- 
quires a high dose of irradiation to produce 
a response, but also involves a large volume 
of tissue. In our opinion it is necessary to 
individualize the approach to each patient, 
weighing carefully the value of palliation 
against the temporary suffering from the ra- 
diation reaction. If the plan of treatment is 
flexible and the complications are managed 
properly and promptly, in our experience 
most patients tolerate the desired dose. How- 
ever, when the reactions are severe it is nec- 
essary to halt the radiation therapy, and 
other forms of therapy have to be considered. 
It is interesting to note the reported favor- 
able responses to TEM in many cases of ra- 
diation failure. 


CONCLUSIONS 


On the basis of the review of 112 patients 
treated in the Department of Radiation 
Therapy at Memorial Center and from the 
reports in the literature, we believe that ra- 
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diation has definite value in the management 
of ovarian carcinoma. Radiation has been 
considered an important adjunct to surgery, 
and even in advanced cases in which defini- 
tive surgery is not feasible radiation has 
given palliation, subjective or objective with 
an average duration of about 9 months in 
approximately two-thirds of the cases. The 
results of radiation obtained in this study 
would appear to indicate that a tumor dose 
of 3,000 to 5,000 roentgens in 3 to 6 weeks 
gives a better chance of response than a 
lower dosage. It is possible to deliver a higher 
midplane dose to large ports with supervolt- 
age therapy than it is with conventional 
x-ray energies. The solid and the mixed solid 


and papillary types of serous adenocarci. 
noma are more malignant than the papil- 
lary type, but no significant difference in the 
responsiveness of any of the 3 subdivisions 
to irradiation was noted. 
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FLASH BURNS FROM ATOMIC WEAPONS 


II. Treatment of Shallow Bhster Flash Burns by Trials of 


Promethanne, Adrenaline, Cortisone, and 


Adrenocorticotrophic Hormone 


W. J. H. BUTTERFIELD, O.B.E., M.D., London, England 


PREVIOUS OBSERVATIONS have shown that the 
incidence of flashburning from atomic weap- 
ons and their aggregate healing times, even 
ifinfection were excluded, could tax medical 
resources. If means could be found to raise 
the median threshold dose of radiant energy 
for blistering human skin by 10 or 50 per 
cent, that is from 3.0 to 3.3 and 3.0 to 4.5 
calories per square centimeter, the gains in 
terms of ground area spared from the hazards 
of flashburning from atomic weapons would 
be considerable. This observation is exem- 
plified in Figure 1 which shows estimates of 
ground area spared for atomic weapons of 
various powers air-burst in clear weather. 
It may be noted that the gains become 
greater with more powerful weapons. 

The clinical course of experimental blis- 
tering (second degree) flash burns in man 
showed a delay of an hour between exposure 
and the appearance of edema and of many 
hours for blistering (3). This sequence of 
events suggested that blistering results in 
part from chemical agents, released in the 
superficial layers of the skin, which diffuse 
down to the vascular bed. Some simple pre- 
liminary observations supported this hy- 
pothesis. 

A delay similar to that between the mo- 
ment of burning and the onset of the red 
reaction was sought in mechanical trauma. 
To “inflict” trauma to different depths in 
the skin, a very fine steel needle was fash- 

From Guy’s Hospital, London. 


Dr. Butterfield, working on behalf of the Medical Research 
Council. 


ioned to protrude through an opening in a 
metal guard; the extent of protrusion could 
be adjusted by a micrometer-type screw. The 
instrument was manipulated so that the 
guard tapped lightly on the skin at about 1 
second intervals. Experiments were first per- 
formed on the flexor aspect of the forearms 
of 4 male subjects in a laboratory at about 
20 degrees C. Circles 1 centimeter in diam- 
eter were marked out gently and into each 
were inflicted randomly 20 pricks with the 
needle set to protrude 0.2, 0.4, 0.6, 0.8, or 
1.0 millimeter. The appearance of the red 
reaction was timed from the end of pricking. 
Table I shows the results of these experiments. 

Although there was considerable varia- 
tion between subjects in the rate, it will be 
seen that the red reaction appeared more 
quickly with deeper penetrations. The delay 
with shallow pricks might have been due to 
the greater distance chemical mediators had 
to travel to initiate the red reaction in the 
blood vessels below. Or the delay might have 
been due to the lesser total trauma (i.e., 
depth times 20) in those circumstances. To 
test the importance of this second factor, 
further experiments were performed. The 
variables studied were protrusion of the 
needle and number of pricks. Twelve 1 
centimeter squares were marked out gently 
on the flexor aspect of a forearm of 2 sub- 
jects. The needle settings used were 0.2, 0.4, 
and 0.6 millimeter. There were 4 observa- 
tions at each setting; the skin was tapped 
rapidly 30 times in each observation, of 
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TABLE I.—TIME OF APPEARANCE OF RED REACTION 
IN SECONDS AFTER 20 PRICKS OF VARIOUS 
DEPTHS 

Needle protrusion 








0.2 mm. 0.4 mm. 0.6 mm. 0.8 mm. 7.0 mm. 

Subject Time, secs. Time, secs. Time, secs. Time, secs. Time, secs. 
R.D. 450 270 105 60 60 

300 120 90 60 75 
UR. 210 150 60 45 15 

270 90 45 15 10 
D.C. 195 120 75 15 15 
Jj.G. 45 15 17 10 8 


which 0, 10, 20, or 30 were made with the 
needle protruding, and the remainder, where 
appropriate, were made with the needle 
withdrawn. These 12 observations were 
made in random order in each subject. The 
appearance of the red reaction was timed 
from the fifteenth tap. The results are shown 
in Table IT. 

The mean time of appearance of the red 
reaction in all observations involving 10 
pricks was 33 seconds, involving 20 pricks 
was 35 seconds, and involving 30 pricks was 
26 seconds. This observation indicates that 
the number of pricks did not greatly affect 
the rate of appearance of the red reaction. 
By contrast, the mean of all observations 
with the needle set at 0.2 millimeter was 59 
seconds, at 0.4 millimeter, 24 seconds, and 
at 0.6 millimeter, 21 seconds, showing that 
the rate of appearance of the red reaction 
was affected by the depth of the pricks. 

The red reaction is believed to be medi- 
ated by a histamine-like substance, so-called 
H-substance. The late appearance of the 
red reaction after superficial as compared 
with deep stimulation suggested that the 
delay was due to the time taken for H-sub- 


TABLE II 
Needle set to No. of taps No. of taps Time in seconds to 
protrude, with without —sed reaction. 
mm. pricks pricks RD. FB. 
0.2 0 30 — noe 
10 20 55 40 
20 10 66 56 
30 0 V2 67 
04 0 30 — -- 
10 20 33 24 
20 10 32 19 
30 0 21 17 
0.6 0 30 — a 
10 20 33 15 
20 10 19 16 
30 0 25 10 


stance to diffuse downward. The like delay 
in flashburning, in which most energy is ab- 
sorbed in the superficial tissues, and the even 
greater delay in erythema from ultraviolet 
radiation, which is absorbed in even more 
superficial layers of the skin, seemed strong 
arguments in favor of a chemical factor in 
such injuries. The latent period during such 
diffusion would seem to offer an opportunity 
for therapeutic measures to influence the 
noxious effects of such chemicals. 

STUDY 

Four compounds were selected for study 
of possible action in blocking local noxious 
agents in blister flash burns. 

Promethazine (phenergan 2 per cent 
weight to volume in vanishing cream base) 
is a long-acting antihistaminic reported by 
Pellerat and associates to diminish the ery- 
thema of contact burns in animals treated 
with it 90 and 30 minutes before burning. 
It has also been shown to have actions antag- 
onistic to 5-hydroxytryptamine which may 
be implicated in burning injury as Arm- 
strong and her colleagues have shown. It 
can be applied locally as a cream, which is 
of pratical importance. 

Adrenalin cream (epinephrine hydro- 
chloride 1:2500 in same base) was tried be- 
because adrenalin solution injected into the 
base of a blister burn causes intense local 
vasoconstriction; the vasoconstriction due to 
cooling has been reported by Courtice to 
reduce the fluid exudate in contact burns. 
It seemed possible that such a vasoconstrictor 
might prevent cell damage consequent from 
local edema. 

Cortisone (cortisone acetate 5 milligrams 
per gram of the same base) and adrenocorti- 
cotrophic hormone (actu 10 milligrams in 
200 milliliters of saline, intravenously) were 
selected because the latter was reported by 
Whitelaw to diminish edema formation in a 
flash burn from a petrol explosion; and be- 
cause Rose and associates mention that ad- 
renal steroids affect the histamine to histam- 
inase balance in skin. Although injections 
of acTH might not be practical in the cir- 























cumstances of mass casualties, whereas cor- 
tioone could be applied locally, AcTH ‘vas 
used because a therapeutic action of corti- 
sone acetate might be masked if deacetyla- 
tion were disturbed in burned skin. Finally, 
the use of AcTH afforded an opportunity to 
check whether the threshold dose of thermal 
energy was altered in subjects with some of 
the endocrine changes of stress and anxiety. 

The effects of these agents were investi- 
gated by following the clinical courses of 
second degree flash burns treated with them 
and of untreated control burns. Four healthy 
males, who were fully acquainted with the 
procedure, volunteered for the trial. Three 
burns were inflicted on the extensor aspects 
of their unanesthetized forearms on each of 
5 occasions at weekly intervals, making 60 
burns in all. Treatments were applied as 
shown in Table III. The order of burning 
subjects on each occasion was randomized. 


METHODS AND PROCEDURE 


Physical apparatus. The apparatus has been 
described in detail by Ham and his col- 
leagues (11) who kindly provided the facil- 
ities to use it and who operated it. Briefly, 
the radiatidn from an automatic feed, high 
intensity carbon arc was collected into a con- 
vergent beam by a 24 inch spherical concave 
mirror, front-surfaced with rhodium. The 
spectral content of this beam may be taken 
as 8 per cent ultraviolet light, 55 per cent 
visible light, and 37 per cent infrared radia- 
tion. The beam was concentrated at a point 
some 3 feet from the arc, where a large 
screen was erected, protected where neces- 
sary by aluminum foil. The screen had a 4% 
inch diameter circular aperture at the fo- 
cused part of the light beam. Heat sensitive 
paper was used to test for even irradiation 
over the aperture. 

A flow calorimeter was used to calibrate 
the radiation incident through the aperture. 
During calibration, this instrument recorded 
continuously the rise in temperature of the 
water column moving at known rate behind 
a blackened 1/1,000 inch thick copper disk 
at the experimental point in the beam. This 
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Fic. 1. Curves relating force of atomic explosion 
with estimated ground areas spared from blister burns 
by: 50 per cent increase of threshold for blistering, upper 
curve, and 10 per cent increase of threshold for blistering, 
lower curve. 





instrument revealed, at worst, occasional 
variations of +5 per cent in the flux from 
second to second. Apart from these brief 
fluctuations, the average level of incident 
radiations remained steady for long periods. 

The duration of exposure to the beam was 
controlled by an air-cooled aluminum shut- 
ter, actuated by a solenoid, interposed in 
the beam before the aperture. The durations 
of exposure were calibrated against a time- 





TABLE III 
Occasion 
Subject 1st 2nd 3rd 4th 5th 
A Prometh- Adrenalin ACTH _ Cortisone Control 
azine 
r l r 1 r 
B Control Cortisone Adrenalin Prometh- ACTH 
azine 
L R L R L 
C Cortisone ACTH Control Adrenalin Prometh- 
azine 
R L R L R 
D ACTH Prometh- Cortisone Control Adrenalin 


azine 
1 r 1 r 1 


L=Left forearm, R=right forearm when ist burn near elbow, 3rd 
near wrist. 

l=Left forearm, r=right forearm when 1st burn near wrist, 3rd near 
elbow. 
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piece, using a photoelectric cell at the exper- 
imental point. 

The procedure with this system was as 
follows: The arc was struck and the contin- 
uously recording calorimeter placed in posi- 
tion at the aperture, with the shutter open. 
The arc was then adjusted to a steady per- 
formance. 

Steadiness of thermal output was the most 
important prerequisite to the commence- 
ment of burning experiments. The intensities 
of steady radiation achieved were about 7.0 
calories per square centimeter per second. 
When the output from the arc was steady 
and recorded, the calibrating device was 
quickly removed and the burns inflicted. 
Exposures of 0.5, 0.6, and 0.7 second were 
made in turn on each subject, the order be- 
ing reversed on the second and fourth sub- 
jects. Calibrations were repeated within 1 to 
114 minutes of commencement of burning 
and showed close agreement with those made 
just before (+2 to 5 per cent). However, it 
should be emphasized that the radiation 
could not be monitored during burning ex- 
posure. 


SUBJECTS 


The 4 subjects, all of sedentary occupa- 
tions, were admitted to a 4 bed experimental 
ward for the duration of the investigations— 
5 weeks. All were healthy, and on a high 
caloric, high protein, high vitamin diet. None 
of the subjects was suntanned. 

One week before the trials started, they 
were shown the apparatus to be used, and 
very mild, first degree burns were inflicted 
on their hands to accustom them to the sen- 
sations of radiant heat burns. Thereafter, 
they were burned on the forearms in accord- 
ance with the prearranged plan already out- 
lined. Care was taken that they were cor- 
rectly aligned at the aperture, that there was 
no moisture at the site to be burned, and 
that burns did not overlap. 


THERAPEUTIC METHODS 


Ten milligrams of ActH (acthar) were 
given intravenously in 200 milliliters of nor- 


mal saline, over a period of 1 hour, ending 
about 30 minutes before the burns were in- 
flicted. The cortisone, adrenalin, and anti- 
histamine creams were applied to the burned 
areas within a few minutes after the burning 
and spread out 2 centimeters beyond the 
edge of the burn. About 1.0 gram of cream 
was applied, where appropriate, to each of 
the 3 burns on the various occasions, and 
was gently smeared over the burned area 
without massage. The burns were left un- 
covered to permit inspection, and the sub- 
jects returned to their ward. It was observed 
that the preparations applied locally were 
always absorbed within 1 to 2 hours. 


OBSERVATIONS 


The burns were inspected at frequent in- 
tervals, and the findings at 5 minutes, 1, 2, 
3, 4, 6, 9, 12, 18, 24, and 48 hours were re- 
corded. The presence or absence of ery- 
thema, flaring around the burned area, 
swelling of the burned area, detected by 
oblique illumination, and blistering was 
noted. The subjects themselves examined 
the burns frequently, and if they saw blis- 
tering at times other than the foregoing, 
they informed the observer, who there- 
by could record the onset of blistering ac- 
curately. 

The eosinophil count was estimated by 
Randolph’s method (1 cubic millimeter of 
blood counted), 114 hours before burning 
(which occurred at midday) and 4 hours 
after burning. This was undertaken to en- 
sure that ACTH, when administered, had 
induced an adrenocortical response, and also 
to see whether the burning procedure itself 
did. Otherwise any effect of AcrH therapy 
would have been confused with that of endo- 
genous ACTH. 


RESULTS 


The burns were inflicted successfully and 
the results are summarized in Table IV. 

Doses of incident radiation. To be more cer- 
tain of the dose during the infliction of burns, 
stability of the arc on each occasion of burn- 
ing was preferred to achieve a prescribed 
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level of incident radiation intensity without 
stability. A consequence of this procedure 
was small variations in the doses from one 
occasion to another. However, the variations 
can be regarded as random errors of tech- 
nique and the doses analyzed by groups of 
burns. The group mean doses and standard 
deviations are shown in Table IV. It will be 
seen that the doses of radiant energy are 
such as to allow the different groups to be 
compared directly. 

Clinical course of the burns. The clinical 
course of the burns was generally the same 
as seen in other subjects (3). In the case of 
burns from doses less than 4.0 calories per 
square centimeter, the skin showed nochange 
immediately after burning, but with higher 
doses vasoconstriction at the irradiated site 
was the rule. In all burns intense vasodilata- 
tion appeared in the irradiated area some 
minutes after exposure usually, though not 
always, associated with a flare in the sur- 
rounding skin. Local edema in the irradiated 
area was visible within 1 hour of burning in 
every instance. Blistering followed after a 
variable time in 58 of the 60 burns, and ap- 
peared regularly with all forms of treatment 
at doses of over 3.5 calories per square centi- 
meter. It is therefore concluded that none of 
the measures tried had influenced the me- 
dian threshoid dose of radiant energy for 
blistering. 

Analysis of results. The results have been 
examined in more detail as regards the time 
of appearance of blistering, the incidence of 
flaring, and the eosinophil counts. This in- 
formation is summarized in Table IV. 

Time of appearance of blisters. Although none 
of the treatments under trial had altered the 
incidence of blistering, it was thought that a 
delay in the appearance of blisters might 
indicate a favorable effect. There was con- 
siderable variation in the time of appearance 
of blisters, both between subjects and be- 
tween occasions. The mean times and limits 
for appearance of blistering are given in 
Table IV. Blisters appeared at about the 
same rate for all groups except those who 
were treated with adrenalin cream, in which 


TABLE IV.—SUMMARY OF RESULTS 
Treatment. 
Cortisone Adrenalin Promethazine 
Controls ACTH cream cream cream 





Mean total 
dose ther- 
mal radia- 4.2 4.1 4.1 4.2 
tion and 
(S.D.)2, 
cals./cm. 

Incidence of 
blister burns 11/12 


Average time of 
appearance 
of blister in 
hours (and 22 18 18.5 8.5 
limits) (4-48) (6-48) (6-48) (2-30) 


(40.6) (+0.8) (+0.8) (0.6) 


12/12 12/12 12/12 


Incidence of 

flaring last- 

ing over 3 

hours 9/12 8/12 9/12 
Average dura- 

tion of 

flares, hrs. 8 


10/12 


Eosinophil counts 
Before burning 
Mean.... 129 135 141 147 
Limits.... 99-196 60-177 103-179 96-179 


After burning 
Mean.... 167 49 182 181 
Limits....104-216 14-106 72-233 87-233 


case the appearance was more rapid. Statis- 
tical analysis shows that the time for the 
appearance of blisters after applying ad- 
renalin cream was significantly shorter 
(P=0.05) than with other groups:! none of 
the other time differences between groups 
was significant. 

Flaring in the surrounding skin. The close 
localization of the intense vasodilatation and 
edema in the irradiated sites allowed easy 
recognition of flaring (erythema) in the sur- 
rounding skin. The incidence of flaring in 
the burns subjected to the various treatments 
is shown in Table IV. Flaring persisted for 
3 or more hours in most control burns 
and in burns treated with AcTH or adren- 
alin or cortisone creams. Flaring was 
absent or diminished in intensity and ex- 
tent, and lasted for less than 3 hours in 
a large proportion of the burns treated with 
promethazine cream. Statistical analysis 
indicates that promethazine cream sig- 

1If the times for blister appearance are expressed as logarithms, 
their distribution is more normal, though the value of P is un- 


affected. A similar value of P as between the adrenalin-treated 
group and all others was derived from an analysis of variance. 








nificantly reduced the duration of flaring 
(P=0.01). 

Eosinophil counts. ‘The results of the eosino- 
phil counts are summarized in Table IV. 
Eosinophil counts were taken at 10:30 a.m., 
114 hours before each visit to the laboratory. 
There were variations in each volunteer be- 
tween the different occasions; this accounts 
for the variation in range shown in Table 
IV. However, the average eosinophil counts 
before different treatments were very similar. 
The second eosinophil counts were taken 4 
hours after burning, at 4 p.m. They were 
usually higher than those in the forenoon, 
except that when ACTH was administered 
pronounced falls were observed. It is con- 
cluded from these findings that the burning 
procedures did not, of themselves, initiate a 
detectable adrenocortical response, whereas 
the administration of AcTH was effective 
in this respect. 


DISCUSSION 


Means of raising the threshold of blister- 
ing after flashburning were not detected; nor 
was there evidence that any of the measures 
tried delayed the onset of blistering. Failure 
of the topical creams might be due to faulty 
absorption or such rapid dispersal that 
adequate local concentrations were never 
established by a single application. These 
questions should be amenable to study by 
radioactive tracer techniques. 

It is possible that blistering after flash- 
burning is due predominantly to a single 
noxious agent. Vesiculation took long peri- 
ods to develop. It could be argued that the 
time lag was so great that the substances, as 
used, had become ineffective before blister- 
ing occurred. It is possible that repeated 
therapy with one of the agents tested might 
have shown a beneficial result in delaying the 
appearance of blisters. But it seemsat least as 
likely that vesiculation is caused by a num- 
ber of noxious agents, in which case future 
trials might be directed with profit to mixed 
therapy. 

The findings with adrenalin cream, which 
hastens the appearance of blisters, might 
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have been due to an after-effect of adrena- 
lin-induced vasoconstriction, or to the deg- 
radation of the adrenalin in the cream to 
other vasoactive substances. That the latter 
is a strong possibility was shown by the adren- 
alin cream turning pink when exposed to 
the atmosphere for a few hours. 

The role of H-substance in the produc- 
tion of the flare has been recognized since 
the investigations of Lewis. The antihista- 
mine drug, promethazine, modified the 
flare aroused by flashburning. Sevitt and 
associates did not observe any beneficial 
effects from an antihistamine drug, given 
orally, in contact burns, but their burns 
were induced in skin areas anesthetized by 
infiltration with procaine nearby. Lewis and 
Grant have shown that local anesthesia it- 
self interferes with flaring and this may have 
masked any action of the oral antihistamine 
on flaring. 

From the point of view of civil defense, 
ultraviolet light is so attenuated by the at- 
mosphere as to be a negligible factor in the 
production of flash burns from atomic weap- 
ons (Atomic Energy Commission, 1950). 
Since Lewis and Zotterman have indicated 
that H-substance is freed by ultraviolet 
light impinging on the skin, it might be 
objected that the modification of the flare 
by promethazine is related specifically to 
some photochemical reaction from the ultra- 
violet light in the radiation used in these ex- 
periments, and that this modification might 
not occur in flash burns from atomic weap- 
ons. However, flaring has been observed reg- 
ularly around flash burns from infrared ra- 
diation, when no ultraviolet light impinged 
on the skin. It has been pointed out (3) that 
H-substance must therefore be freed in the 
absence of photochemical action. Further- 
more, 3 subjects out of 4 showed less flar- 
ing and erythema, and stated that they 
had less pain in the shallow infrared flash 
burns pretreated with promethazine cream 
as compared with control burns pretreated 
with the cream base alone. Thus, all the evi- 
dence so far points to H-substance playing 
a role in the local changes after flashburn- 
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ing, irrespective of the wavelength of the 
injurious radiation. 

The results of the eosinophil counts indi- 
cate that the burning procedures did not 
elicit significant adrenocortical responses in 
the subjects. It has been shown by Sevitt, 
Evans and Butterfield, and Wight and her 
colleagues that patients with larger burns 
regularly have marked depression of eosino- 
phil counts and other evidence of increased 
adrenocortical activity. Systemic ACTH 
produced a marked fall of the eosinophil 
counts in the volunteers, presumably due 
to an adrenocortical response in excess of 
that induced by the experimental burns 
themselves. Nevertheless, AcrH did not 
alter the threshold dose of radiant energy 
which produced blistering. It may be con- 
cluded, first, that the adrenocortical re- 
sponse in patients with larger burns does 
not alter the course of local events in 
their burned skin and, second, that such 
a response caused by fear or the exertions 
of disaster would not alter the threshold 
ranges for blister flash burns from nuclear 
weapons. 


SUMMARY 


When tested in a randomized investiga- 
tion involving 60 flash burns from radiant 
heat in 4 male volunteers, topical applica- 
tions of cortisone, adrenalin, and prometha- 
zine cream, and intravenous ACTH therapy, 
all failed to suppress vesiculation. Adrenalin 
cream hastened the appearance of blisters. 
Promethazine cream modified the flare 
aroused by flashburning in the surrounding 
skin. 
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THE USE OF FROZEN SECTION IN CANCER DIAGNOSIS 


E. R. JENNINGS, M.D., and J. W. LANDERS, M.D., Detroit, Michigan 


THE RAPID FROZEN SECTION TECHNIQUE, as a 
means of establishing a pathologic diagnosis 
at the time of operation, has been in use for 
more than half a century. Welch is credited 
with having performed, in 1891, the first 
frozen section during operation, on a benign 
breast lesion removed by Halsted. The real 
development of the method as a diagnostic 
tool, however, was mainly the work of Wil- 
son and MacCarty at the Mayo Clinic, be- 
ginning in 1905. 

Since the introduction of this method, nu- 
merous modifications of the technique have 
been proposed; this aspect of the subject will 
not be discussed. Of more interest are the 
differing attitudes which have been expressed 
regarding the value of frozen section. Thus, 
at one extreme, Dockerty, MacCarty, Culp 
and McDonald, and others have maintained 
that properly prepared frozen sections are 
as reliable as permanent paraffin sections; 
while at the other, Breuer, Ewing, Simpson, 
and Warthin have, either explicitly or by 
implication, condemned the method as haz- 
ardous, unreliable, and unnecessary. As 
might be expected, the viewpoint of the 
majority of those writing on this subject has 
fallen somewhere between these extremes. 

The purpose of this communication is to 
record the recent experience with rapid 
frozen section diagnosis in a fairly typical 
metropolitan general hospital and to out- 
line a point of view regarding the value, 
limitations, and proper use of the method, 
specifically as employed in the diagnosis of 
cancer. 

The principal use of frozen section is to 
determine the malignancy or benignancy of 
a suspect lesion at the time of biopsy. The 
immediate histologic diagnosis so provided 
allows the surgeon to proceed with further 
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treatment, if necessary, without delay; the 
patient is thereby spared additional expense, 
the need for and hazard of 2 operations and 
2 anesthetics, and the emotional stress of 
awaiting a decision about the need for fur- 
ther therapy. Other uses are: determining 
the adequacy of excision of a neoplasm; con- 
firming or refuting the presence of suspected 
metastasis; and identifying small structures, 
such as sympathetic ganglia. 

The chief drawback of the method is 
equally obvious: namely, the danger of in- 
correct diagnosis. A falsely positive diagnosis 
of cancer may lead to unnecessarily radical 
therapy, which may of itself cause disfigure- 
ment or disability (for example, radical 
mastectomy). On the other hand, an erro- 
neously negative diagnosis, while of course 
undesirable, is less likely under most circum- 
stances to have the irrevocably harmful ef- 
fect of the opposite error. A second theoretic 
disadvantage is that of having no tissue left 
for paraffin imbedding, if the specimen is 
small; in practice, however, we have rarely 
found this objection to be of much impor- 
tance. 

If the frozen section method is to be em- 
ployed properly, certain rules and responsi- 
bilities must be understood and accepted by 
both the surgeon and pathologist. The sur- 
geon, first, must understand the limitations 
of the method; he must not ask for more 
information than it is capable of giving, 
e.g., the diagnosis of noninvasive carcinoma; 
he must accept the pathologist’s refusal to 
make a diagnosis in the doubtful case, and 
he must also accept the pathologist’s refusal 
to employ the frozen section method in situa- 
tions for which it is not suited. Second, the 
surgeon must submit’an adequate biopsy, 
representative of the lesion in question, and 
whenever possible of sufficient size for both 
gross and microscopic examination. Finally, 
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TABLE I.—RESULTS OF TISSUE EXAMINATIONS FROM OTHER LOCATIONS 














Frozen section diagnosis. Corrected diagnosis (paraffin section) 
Malignant Benign Don’t know 
to to to. 
Malignant Benign Don’t know benign malignant malignant benign Total 
Colon and rectum 6 5 1 0 1 0 1 12 
Ovary 4 4 0 0 0 ~ _ 8 
Skin 7 9 2 0 1 0 2 18 
the Biliary system (including liver) 3 2 2 0 0 1 1 7 
Lymph nodes 5 4 0 0 0 - _ 9 
Se, Miscellaneous 13 12 2 0 1 1 1 27 
nd 
of the clinicians must supply the pathologist The manner in which the report is ren- 
ar- with all pertinent clinical information. dered is of some importance. When the 
ng On his part, the pathologist who under- _ frozen section technique is used to determine 
n- takes the responsibility of making or refuting whether a given lesion is or is not a malig- 
ed the diagnosis of cancer by frozen section nant neoplasm, only 3 diagnoses are accept- 
es, must have thorough familiarity with the able: malignant, benign, or ‘“‘don’t know.” 
method, based on more than casual experi- A diagnosis of malignancy must be un- 
is ence, and on frequent, one is tempted tosay equivocal and unqualified; such a phrase, 
in- daily, use. The pathologist who does not do for example, as “‘almost certainly malig- 
sis frozen sections frequently is probably wiser _ nant”’ has no place in the language of frozen 
cal not to do them at all. The fact that one isa _ section diagnosis. When any element of un- 
re- competent pathologist does not of itself in- certainty exists, however small, the proper 
cal sure one’s competence in frozen section report is “don’t know.” Seldom will any 
rO- diagnosis. serious harm, other than inconvenience, be 
rse Ifthe sections are prepared by technicians, caused by waiting 24 hours for paraffin sec- 
m- the requirements of experience and frequent tions; no means has yet been devised for 
ef- use must be applied to these workers as well. _ replacing an amputated breast. 
tic The atmosphere of urgency which so often At the time the report is made, the frozen 
eft surrounds a request for a frozen section is _ section diagnosis should be recorded in writ- 
is likely to be communicated to the technician ing and be incorporated as a permanent 
‘ly for whom the preparation of such sections — record on the final report. Even with the 
or is a novelty, and the product will suffer asa most honest of intentions, memory of a ver- 
consequence. The making of frozen sections _ bal report is likely to be faulty. Further- 
m- should be simply a part of the daily routine. more, it is desirable to submit for paraffin 
si- Careful gross examination of thespecimen _ sections, labelled separately, the block from 
by by the pathologist cannot be overempha- which the frozen sections were actually pre- 
r- § sized, both for the obvious necessity of select- ~ pared. 
ns ing the proper area for sectioning, and be- Certain lesions are not suitable for diagno- 
re cause the gross examination should have _ sis by frozen section. These include: most 
1g, some influence on the final decision. The papillary neoplasms, for example, intra- 
la; pathologist should use caution when labelling ductal papillomas of the breast and papil- 
to as malignant a lesion which lacks the gross _ lary tumors of the colon and rectum; non- 
nd appearance of cancer, whatever its appear- _ infiltrating malignant neoplasms, for exam- 
sal ance under the microscope. ple, intraductal carcinoma of the breast, or 
a- Third, the pathologist shares with the noninvasive carcinoma of the cervix; and 
he surgeon the responsibility of acquainting primary neoplasms of lymph nodes. In gen- 
sy; himself with the pertinent clinical data; and, __ eral, a good rule to follow is that any diffi- 
nd perhaps most important, he must be willing, cult histologic diagnosis is unsuitable for 
th whenever it is necessary, to admit uncer- this method. Frozen section should be used 


tainty. to make the easy diagnosis (one might al- 
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most say to confirm the obvious) and should 
not be used for the difficult one. 

Since impressions regarding the diagnostic 
accuracy of frozen sections are likely to be 
misleading, it was decided to conduct a brief 
statistical survey of the results obtained with 
this method during a recent 18 month period 
of time. 

From November 1954 to April 1956, the 
frozen section technique was employed in 
412 instances at Woman’s Hospital for the 
purpose of determining the presence or ab- 
sence of malignancy. ‘Two hundred twelve 
of these examinations were breast biopsies. 
- In 200 instances (94.3 per cent), a definite 
diagnosis was rendered of malignancy in 36 
cases and benignancy in 164 cases; in 12 
(5.7 per cent) the nature of the lesion was 
doubtful, and the surgeon was advised to 
await the permanent sections. In 2 cases 
(0.9 per cent), the diagnosis of benignancy 
was made erroneously; in no case was the 
opposite error made. 

Frozen section diagnosis of endometrial 
curettings was possible in 81 of 83 instances 
(97.6 per cent); there was no disagreement 
between frozen and paraffin sections in these 
81 cases. A diagnosis was rendered in all 36 
instances on cervical biopsy material as fol- 
lows: 9 of malignancy (25 per cent); 27 of 
benignancy (75 per cent); 1 erroneous diag- 
nosis of benignancy was made, the final 
diagnosis in this case being noninvasive 
carcinoma. 

In Table I are the results of the examina- 
tion of tissues from other locations; in this 
group an incorrect diagnosis of benign was 
made once on a carcinoma of the colon, 
once on a carcinoma of the skin, and once 
on a carcinoma of the floor of the mouth. 

Summary of this experience is as follows: 
Of a total of 412 examinations, malignancy 
was diagnosed 88 times and benignancy 303 
times, a definite diagnosis being given in 391 
instances (94.9 per cent). In 6 cases (1.4 per 
cent) an erroneously negative diagnosis was 
given. In no case was the opposite (and more 
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serious) error of an erroneously positive diag- 
nosis made. 


SUMMARY 


The advantages and disadvantages of 
frozen section at operation in the diagnosis 
of cancer are discussed. Certain principles 
guiding the correct use of the method are 
set forth, and the responsibilities of the sur- 
geon and pathologist are defined. 

The authors’ recent experience with the 
frozen section method is analyzed. Of a 
total of 412 examinations, a definite diag- 
nosis of benign or malignant was made in 
94.9 per cent. An erroneously negative 
diagnosis was given in 6 instances; an erro- 
neously positive diagnosis, in none. 

A point of view concerning the use of 
frozen section has been expressed, and the 


requirements of a useful service have been 
described. 


CONCLUSIONS 


1. Frozen section is a useful diagnostic 
tool in the surgical treatment of cancer. 

2. The method must be used frequently 
to be reliable. 

3. False positive diagnoses of cancer must 
not be made. 

4. The limitations of the method must be 
understood by the pathologist and the sur- 
geon alike. 
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BENIGN ‘TUMORS OF THE LIVER 


IV. Polycystic Disease of Surgical Significance 


STANLEY W. HENSON, JR., M.D., HOWARD K. GRAY, M.D., F.A.C.S., and 
MALCOLM B. DOCKERTY, M.D., Rochester, Minnesota 


POLYCYSTIC DISEASE OF THE LIVER isa con- 
dition in which the liver is diffusely involved 
by multiple cysts of varying sizes. They may 
be small and relatively few, or they may be 
very large and numerous, with apparent 
destruction of much of the parenchyma of 
the liver. Frequently polycystic disease of 
the liver is associated with polycystic disease 
of the kidney, and less frequently it is asso- 
ciated with polycystic disease involving the 
lungs, pancreas, spleen, and ovaries. 


REVIEW OF THE LITERATURE 


The first report of the association of cystic 
disease of the liver with cystic disease of the 
kidneys was that of Bristowe in 1855. Mosch- 
cowitz presented evidence to show that 
such cysts arise in aberrant bile ducts and 
originate from either congenital obstruction 
of these ducts, or obstruction from inflamma- 
tory hyperplasia. Most authorities favor the 
theory that such cysts result from a congen- 
ital abnormality, but opinion is divided as to 
whether the pathogenesis of polycystic dis- 
ease is the same as that of solitary cysts of 
the liver. Boyd collected 34 cases of cystic 
liver from the literature in 1913 and Jones 
collected 60 cases in 1923. 

In 1936 Davis’ (4, 5) extensive study re- 
vealed a total of 499 cases. In 226 of these 
| cases the condition had been found at oper- 
| ation and in 273 it had been found at nec- 
ropsy. In 187 cases solitary cysts were found; 
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in 20 cases solitary multilocular cysts were 
found; in 241 cases multiple cysts were found; 
and in 51 cases the type of cyst was not given. 

Since then McCaughan and Rassieur and 
more recently Comfort and associates have 
analyzed relatively large series of cases of 
cystic disease of the liver. 


NATURE OF PRESENT STUDY 


In the surgical files of the Mayo Clinic 
satisfactory tissue was available for study 
from 29 patients who had polycystic disease 
of the liver. This study is the fourth part of 
our review of benign tumors of the liver 
encountered at the Mayo Clinic from 1907 
to 1954, inclusive. Ten of the cases have 
been previously reported (3). Ten patients 
(34.5 per cent) had associated polycystic 
disease of the kidneys, and_+t- patient had 
cystic involvement of the spleen. Eight other 
patients had a history-which suggested poly- 
cystic disease in other members of their fam- 
ily. Two patients had siblings with disease 
of the liver, 1 of whom was known to have a 
polycystic liver. Four patients had a family 
history of renal disease, and 2 others had a 
family history of hypertension and cerebro- 
vascular accidents. 


CLINICAL FEATURES 


Some of the features of polycystic disease 
of the liver are summarized in Table I. There 
were 23 women and 6 men, with an average 
age of 52.8 years at the time of their first 
admission. The youngest patient was 34 
years old and the oldest 82 years old. The 
average known duration of symptoms was 3 
years. 
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TABLE I.—COMPARATIVE CLINICAL AND LABORATORY FEATURES IN POLYCYSTIC DISEASE OF THE LIVER: 


29 PATIENTS 


Case No. Age, years Sex Symptoms 
1 41 F Pain, tumor, dyspnea 
4 68 F Pain 
3 60 M Tumor 
4 45 F Tumor, dyspnea 
5 55 F Tumor 
6 55 F Mass 
7 48 F Mass 
8 35 F Tumor 
9 44 M Tumor 
10 51 F Enlarged abdomen 
11 61 M None 
12 39 M Increasing fullness 
43 48 F None 
14 60 F Pain, bloating, belching 
15 72 F Fullness, nausea 
16 59 F Jaundice 
17 82 F Pain 
18 49 F Mass 
19 34 F Tumor, pain 
20 41 F Tumor, pain 
21 62 M None 
22 48 F Pain, flatulence 
23 50 M Dyspepsia 
24 47 F Fullness, dyspepsia 
25 56 F Pain 
26 61 F Pain 
at 60 F Fullness, jaundice 
28 43 F Enlarged liver 
29 60 F Pain, cysts of liver 


Symptoms complained of most frequently 
were pain (10 patients or 34.5 per cent) and 
a gradually enlarging mass (12 patients or 
41.4 per cent). The pain usually was de- 
scribed as being dull or aching and made 
worse by motion, meals, or fatigue. Two of 
the patients had episodes of sudden severe 
abdominal pain associated with nausea, 
vomiting, and fever. One of these patients 
was surgically explored elsewhere and was 
found, additionally, to have numerous small 
gallstones which probably accounted for the 
symptoms. The other patient underwent ex- 
ploration but nothing abnormal was found 
except the polycystic disease of the liver. 
The acute episode presumably was caused 
either by hemorrhage or by rupture of one 
of the cysts. 

A mass frequently was discovered by the 
patient or his physician after a long period 
of gradual enlargement of the abdomen. It 
was most evident with bending or stooping, 
and it was often associated with a dragging 
sensation, heaviness, or pressure in the ab- 
domen. Other symptoms consisted of dys- 
pepsia in 4 patients, dyspnea in 2, and 





Duration of symptoms Associated conditions Follow-up, years 


1 yr. Polycystic kidneys 31 
15 yrs. —_ _ 
9 yrs. Polycystic kidneys 16 
6 yrs. Fibroids — 
1 yr. Nodular spleen y 
1 yr. Polycystic kidneys _ 
2 yrs. _ — 
5 yrs. _ 3 
4% yrs. Polycystic kidneys 12 
— Polycystic kidney 11 
-- Duodenal ulcer ~ 

4 yrs. - 3% 
_ Polycystic kidneys, fibroids 10 


— Polycystic kidneys 


_ 
ao 


Epigastric hernia 4 
2 mos Hepatitis os 
_ _ 8 
_ _ a 
3 mos Polycystic kidneys, fibroids 1 
-- Duodenal ulcer 30 
_ Carcinoma of colon _ 
— Lymphosarcoma of stomach 4 
~~ Duodenal ulcer 3 
— Polycystic kidneys, gallstones 4 

3 yrs. oo 3% 
6 mos. Diverticulum of duodenum 3 
10 yrs. Stricture of common bile duct 3 
3 yrs. Polycystic kidneys 3 
18 yrs. _ _ 


jaundice in 2. One of the latter had a post- 
operative stricture of the common bile duct, 
and the other had infectious hepatitis. 

Physical examination revealed a palpable 
mass in 23 (76 per cent) of the 29 patients. 
Of these masses, 6 were described as being 
in the right upper abdominal quadrant, 6 in 
the epigastrium, 5 extended halfway to the 
umbilicus, and 6 extended to the umbilicus 
or beyond. The mass usually was rounded, 
freely movable, and moved with respirations. 
It was tender in about half of the cases, and 
the consistency varied from soft and cystic 
to hard and nodular. Six patients were found 
incidentally to have polycystic disease of the 
liver during the course of an operation for 
some other condition. 


LABORATORY ASPECTS 


Hepatic function as determined by values 
for serum bilirubin and retention of brom- 
sulphalein remained adequate even after 
many years’ duration of the disease. Values 
for bilirubin were only mildly elevated in 3 
of 18 patients, and abnormal retention of 
dye was absent in all but 1 of the 17 patients 








in W 
sults 
obtai 
withi 

Re 
in 3 
an e 
2, an 
patie 


PATH 


At 
diffu 
1) va 
22 ce 
thin 
they 
the | 
taine 
of th 
that 

In 
patie 
ease 
assoc 
the f 
note 
the | 
galls 
the 
stom 
dent 
a po: 
duct 

H 
ously 
or fl 
incr 
and 
seen 
cysts 
as a 
were 
cysts 
pear 


TRE: 


T 


liver 






ars 


CS 
ne 
rT 
es 


of 











in whom determinations were made. Re- 
sults of other studies of hepatic function, 
obtained less frequently, were found to be 
within normal limits. 

Roentgenograms showed a soft tissue mass 
in 3 patients, an elevated diaphragm in 3, 
an extrinsic mass displacing the stomach in 
2, and displacement of the right kidney in 1 
patient. 


PATHOLOGIC FEATURES 


At operation the liver was found to be 
diffusely involved with multiple cysts (Fig. 
1) varying from microscopic lesions to masses 
22 centimeters in diameter. The cysts were 
thin walled and frequently so numerous that 
they appeared to have destroyed much of 
the parenchyma of the liver. ‘The cysts con- 
tained clear or straw-colored fluid. ‘The size 
of the liver varied from normal size to one 
that almost filled the abdomen. 

In addition to the condition of the 10 
patients who had associated polycystic dis- 
ease of the kidneys and the 1 patient with 
associated cystic involvement of the spleen, 
the following associated conditions also were 
noted. Three patients had fibromyomas of 
the uterus, 3 had duodenal ulcers, 2 had 
gallstones, 1 had a carcinomatous polyp of 
the colon, 1 had lymphosarcoma of the 
stomach, 1 had a diverticulum of the duo- 
denum, 1 had infectious hepatitis, and 1 had 
a postoperative stricture of the common bile 
duct. 

Histologically, the tissues exhibited vari- 
ously sized cystic spaces lined with cuboidal 
or flat epithelium (Fig. 2). There was some 
increase in collagenous connective tissue, 
and mild infiltration with lymphocytes was 


} seen in some areas. In general, the larger the 


cysts, the flatter the epithelium, presumably 
as a result of pressure. The hepatic cords 
were distorted from pressure of adjacent 


| cysts, but the hepatic cells themselves ap- 
| peared normal. 


TREA (MENT 


The treatment of polycystic disease of the 
liver usually is not surgical, but once the 
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Fic. 1. Polycystic disease of the liver. Note the multiple 
cysts of varying sizes, with apparent destruction of hepatic 
tissue (Case 12, Table I). 


diagnosis has been made the treatment must 
be individualized. The surgical procedures 
carried out for this group of patients included 
biopsy alone (24 cases), excision of a large 
cyst (2 cases), marsupialization (1 case), 
puncture of multiple cysts (1 case), and left 
lobectomy (1 case). 


FOLLOW-UP DATA 


The condition of 21 of the 29 patients has 
been followed for periods of from 1 to 31 
years. The condition of 20 patients has been 
followed for more than 3 years; of 7 for 





Fic. 2. Low power photomicrograph, showing cystic 
spaces lined with flattened bile duct epithelium. The 
hepatic cords are somewhat distorted, but the parenchy- 
mal cells are essentially normal (Case 13 Table I). He- 
matoxylin and eosin, X37. 
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more than 10 years; of 4, for more than 15 
years; and of 2, for more than 20 years. In 
only 2 patients was hepatic function found 
to be impaired. After a known duration of 
the disease of 28 years, 1 of these 2 patients 
had a value for bilirubin (indirect reacting) 
of 1.9 milligrams per 100 cubic centimeters 
of serum, and retention of bromsulphalein 
of 30 per cent after 1 hour. The other pa- 
tient had dye retention of 22 per cent but 
the value for serum bilirubin (indirect react- 
ing) was normal. 

Of special interest are the 10 patients who 
had associated polycystic disease of the kid- 
neys. The condition of these patients has 
been followed for an average of 10.5 years. 
The condition of 8 patients has been fol- 
lowed for 3 years or more; that of 6 has been 
followed for more than 10 years; that of 3, 
for more than 15 years; and that of 1 patient, 
for more than 30 years. Seven of these pa- 
tients had impaired renal function as shown 
by albuminuria or increased values for blood 
urea. Four had hypertension. Two of the 
latter patients had had episodes of cerebro- 
vascular accidents and 1 had cardiac decom- 
pensation. 


COMMENT 


Nonparasitic cysts of the liver may be 
single or multiple, unilocular or multilocular, 
localized or diffuse. ‘They may have a con- 
genital or acquired origin, and the linings 
may be epithelial or fibrous tissue. The con- 
tents of the individual cysts may be a thin 
watery fluid, a thick, viscid semigel, blood, 
bile, or pus, depending upon the causation, 
the lining membrane, and such secondary 
features as infection, hemorrhage, or degen- 
eration. Usually, the cysts are asymptomatic 
until they are large, the increase in size 
being so gradual that neighboring viscera 
have time in which to adapt to the expand- 
ing mass. The cysts are found more fre- 
quently in women than in men, in a ratio of 
about 4:1 for all types of cysts. Generally, 
they are discovered after the age of 40 years, 
although hepatic cysts have been reported 
in newborn infants by Sears and Witzel. 


The symptoms or signs are about e: ually 
divided between pain or an expanding mass, 
and the effects of pressure on other vi-cera, 

Many theories have been presented ‘o ex- 
plain the pathogenesis of epithelium-lined 
cysts of the liver. In general, these theories 
have implicated inflammation, neoplasms, 
or congenital malformation. Actually, the 
frequent association of polycystic diseise of 
the liver with cystic disease of other organs 
strongly suggests operation of a congenital 
abnormality. Moschcowitz has presented 
evidence to support this theory by demon- 
strating multiple aberrant bile ducts histo- 
logically within an apparently normal liver 
of a fetus with polycystic kidneys and several 
other congenital abnormalities. Currently, 
most writers tend to favor the theory of a 
congenital pathogenesis of polycystic dis- 
ease with retention of fluid in aberrant bile 
ducts, but opinion is divided as to whether 
the pathogenesis of polycystic disease is the 
same as that of solitary cysts of the liver. 

The clinical course of polycystic disease 
of the liver is slowly progressive, with grad- 
ual enlargement of the liver and a slow in- 
crease in the severity of symptoms. The pa- 
tients tend to become adjusted to the in- 
creasing size of their abdomen and, by 
modifying their diet and activities, they are 
able to adjust to their limitations. 

Associated polycystic disease of the kid- 
neys, although consistent with long life, 
appears to carry a greater threat to the 
health and life of the patient than does poly- 
cystic disease of the liver, since the accom- 
panying hypertension is such a serious haz- 
ard. 


SUMMARY AND CONCLUSIONS 


The clinical and pathologic observations 
concerning 29 patients with histologically 
proved polycystic disease of the liver have 
been presented. These patients were seen al 
the Mayo Clinic from 1907 to 1954, inclu- 
sive. 

Ten patients had associated polycystic 
disease of the kidneys, and 1 patien’ had 
cystic involvement of the spleen. 
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S\ mptoms usually consist of a dull, aching 
pain, a gradually enlarging abdominal mass, 
or those produced by pressure on adjacent 
viscera. 

Hepatic function as measured by values 
for serum bilirubin and retention of brom- 
sulphalein usually is unaffected. Roentgen- 
ograms will show a soft tissue mass, an ele- 
vaied diaphragm, or a displaced stomach, 
kidney, or colon in a significant number of 
cases. 

The disease generally becomes manifest 
in adult persons, has a long and benign 
course, and requires only symptomatic treat- 
ment, except in an occasional case in which 
the contents of large cysts may be aspirated 
or drained to reduce the weight of retained 
fluid. 

Associated polycystic disease of the kid- 
neys, although consistent with long life, ap- 
pears to carry a greater threat to the health 








and life of the patient than does polycystic 
disease of the liver. 


2. 


10. 
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CONDUCTION DISTURBANCES FOLLOWING 


EXPERIMENTAL PRODUCTION OF 
INTERVENTRICULAR SEPTAL DEFECTS 


MANSUR TAUFIC, M.D., Minneapolis, Minnesota, F. JOHN LEWIS, M.D., F.A.C.S., 
Chicago, Illinois, and FOUAD A. BASHOUR, M.D., Minneapolis, Minnesota 


ONE OF THE COMPLICATIONS arising during 
experiments for the production of interven- 
tricular septal defects in dogs has been the 
occurrence of arrhythmias due to conduction 
disturbances (8, 10). The present report is 
concerned with the nature and incidence of 
these conduction disturbances, and the iden- 
tification of certain areas in the interven- 
tricular septum where trauma often causes 
changes in the normal electrocardiographic 
pattern. The information gained may be of 
value when operating upon the interven- 
tricular septum. The incidence of heart 
block and bundle branch block might well 
be lowered by avoiding those septal areas 
through which course the bundle of His and 
its main branches. 


METHODS 


Seventy-five healthy adult mongrel dogs 
were used in the experiments reported here- 
in; they were divided into 3 groups according 
to the location of the defect. Detailed studies 
of the electrocardiograms were made in 52 
of these animals. 

After being anesthetized with pentothal 
sodium, the animals were cooled to a rectal 
temperature of about 27 degrees C. by tech- 
niques previously described (8). Under posi- 
tive pressure artificial respiration the right 
chest was opened through the fourth inter- 
space, the great vessels were occluded, and 
a cardiotomy was performed. Approach to 
the septum was afforded either by a right 
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atriotomy or a right ventriculotomy; the for- 
mer approach proved to be less traumatic 
and allowed good exposure of the dorsal 
portion of the septum. 

Interventricular communication was ac- 
complished by means of a screw-shaped lu- 
cite tube, described in a preliminary report 
(7). Tubes of 4, 6, and 8 millimeter intra- 
luminal diameter with external diameters of 
7 to 12 millimeters were used. In the last 
group of animals, only tubes of 4 millimeter 
internal diameter were employed because of 
the high incidence of cardiac failure that 
occurred with the use of larger tubes. To 
facilitate insertion of the tube, a small defect 
was created in the septal wall with a scalpel 
or by perforation with a curved hemostat. 
The latter maneuver was preferable since it 
greatly minimized trauma to the septum. 
Then, by means of a screwdriver-like instru- 
ment, the tube was inserted into the defect; 
the heart was filled with isotonic saline, the 
cardiotomy closed, and the circulation re- 
stored (Fig. 1). The chest was then closed 
and the animal rewarmed. 

Electrocardiographic tracings were ob- 
tained postoperatively in the majority of 
cases before and after the rewarming period. 
Subsequent tracings were obtained within 6 
to 30 days, at the time of the sacrifice of the 
animals or just prior to the second operation 
for repair of the defect. A small number of 
dogs were kept under long term observation 
without being submitted to a second opera- 
tion. Tracings of these animals were obtained 
about every 2 months. Those dogs with com- 
plete heart block had electrocardiogr ims 
every other day until their death or sacri ice. 
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Fic. 1. Technique for the creation of interventricular septal defects with a lucite tube. This 
drawing shows the tube being inserted in area d (Fig. 2). a, Right atriotomy under complete cardiac 
inflow and outflow occlusion. 5, Perforation of the septum with a curved Kelly clamp. c, Insertion 
of the tube using a screwdriver as a guide. d, The tube inserted. ¢, Closure of the atriotomy and 
re-establishment of the circulation. f, The tube in place and its relationship to the septum, the tri- 


cuspid, and aortic valves. 


LOCATION OF THE DEFECTS AND ANATOMIC 
CONSIDERATIONS 


Four areas on the right ventricular septal 
surface (areas a, 6, c, and d) were selected 
for the insertion of the tube (Fig. 2). In the 
first group of experiments defects were cre- 
ated in area a, which was situated below the 
pulmonary artery orifice, or in area 5, situ- 
ated in the ventral portion of the midseptum. 
Area a defects, when examined from the left 
ventricular surface, were found most fre- 
quently below the ventral half of the right 
aortic Cusp. 

In the second group, defects were created 
in area c, ventral to the medial leaflet of the 
tricuspid valve. Viewed from the left septal 





surface, these defects were most frequently 
situated below the dorsal half of the right 
aortic cusp. These defects, as those in the 
ventral area, were usually completely sur- 
rounded by thick endocardium. 

In the most recent series (group III), 
defects were produced in area d, situated at 
the crest of the septum and behind the ven- 
tral portion of the medial leaflet of the tri- 
cuspid valve. Viewed from the left ventric- 
ular surface, these defects were found most 
often in the intervalvular space formed by 
the right and dorsal aortic cusps. ‘Their up- 
per edge was frequently formed by the cen- 
tral fibrous body into which is implanted the 
aortic root; they were thus true subaortic 
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A, Pulmonary 
artery 


Fic. 2. Drawing of the right chambers of the canine 
heart. Circles indicate the areas on the right ventricular 
septal surface where defects were produced: a and 4, ven- 
tral or infundibular areas; c and d, dorsal or tricuspid 
areas. 7, Septal artery. 2, Right bundle branch. 3, Septal 
leaflet of the tricuspid valve. 


defects (Fig. 6a). This locus was considered 
ideal since it is analogous to that of the pars 
membranaceae septi—the most frequent site 
for congenital interventricular septal defects. 
Only infrequently, however, was a mem- 
branous structure found in this area. In only 
1 instance among 100 canine hearts was a 
tvpical membranous septum discovered. In 
this heart the conducting system was seen in 
intimate relationship to the membranous 
septum. 

The septal artery and bundle branches 
are the intrinsic structures of the septum re- 
lated to the areas herein described. The sep- 
tal artery—main vessel of the septum— 
courses through areas a and c; stab wounds 
to these areas may injure this important 
vessel. 

When the ventricular septal surfaces of 
the fresh canine heart are painted with Lu- 
gol’s solution, the right and left bundle 
branches can be demonstrated easily, and 
their relationship to the areas under consid- 
eration can be studied. The right bundle, 
after its origin in area d, crosses area ¢ and 
runs through a vestigial moderator band 
toward the base of the ventral papillary 
muscle of the tricuspid valve; here, it gives 


off its terminal branches to the external \all 
of the right ventricle (Fig. 3a). The initial 
segment of the left bundle originates at area 
d which, on the left septal surface, is locited 
below the commissure formed by the right 
and dorsal aortic cusps; after a short course 
through area c (below the dorsal half of the 
right aortic cusp), this bundle fans out, giv- 
ing terminal branches to the mitral papillary 
muscles, the septum, and the external wall 
of the left ventricle (Fig. 3b). An interven- 
tricular septal defect made with a stab inci- 
sion, or a ligature placed parallel to the sep- 
tal crest at areas c or d, may thus create com- 
plete atrioventricular dissociation since both 
initial segments of the right and left bundle 
branches can be affected (6). A small, trans- 
verse, superficial incision made in sites on 
the septal surface crossed by the right bun- 
dle branch blocks the cardiac stimulus 
through this bundle (9), whereas a similar 
incision made in any area on the left septal 
surface, except area c and d, might not pro- 
duce a block because the left bundle branch 
ramifies immediately beyond these areas. 


RESULTS 


Table I summarizes the conduction dis- 
turbances encountered in the 3 groups of 
animals. 

In 10 animals in which the defect was 
made in areas a and 4, the immediate post- 
operative electrocardiograms were normal 
in every instance. Six of the 7 surviving dogs 
had second tracings taken 15 to 35 days 
after surgery, and the normal pattern did 
not change. The other survivor lived for 639 
days with a patent interventricular com- 
munication and did not show any conduc- 
tion disturbance despite the presence of such 
a long-standing left-to-right shunt (Fig. 4). 

In 20 animals whose defects were located 
in area c, there were 3 normal tracings; 15 
were consistent with right bundle branch 
block; there were 2 instances of comp'ete 
atrioventricular block. Two of the animuals 
with normal electrocardiograms survived 
surgery and showed an unchanged pati°rn 
in second tracings taken 6 to 51 days a.ter 
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surgery. Ten animals with right bundle 
branch block were observed for 6 to 10 days 
postoperatively, and 4 others for 6 to 8 
months after the insertion of the tube (Fig. 
5). The bundle branch block was persistent 
in all of them. In 1 animal the right bundle 
branch block had reverted to normal when 
the second electrocardiogram was taken 37 
days postoperatively. Of the 2 animals with 
complete atrioventricular block, 1 animal 
converted to delayed intraventricular con- 
duction on the thirteenth postoperative day. 
The other demonstrated persistent complete 
atrioventricular block until death, on the 
sixth postoperative day. 

In those animals with the defect in area d, 
8 had no conduction disturbance, 4 had 
right bundle branch block, and 10 showed 
complete atrioventricular block. Six of the 
animals with normal tracings survived sur- 
gery and showed no change when a subse- 
quent tracing was taken 7 to 25 days post- 
operatively. In the 3 animals with right bun- 
dle branch block which survived surgery 
this pattern persisted, as was evidenced by a 
second electrocardiogram taken 7 to 24 days 
after operation. In 5 of the animals with 
complete atrioventricular block this condi- 
tion was transitory; i.e., in 1, it reverted to 
right bundle branch block during the re- 
warming period, and in another it reverted 
to first degree heart block on the seventh 
postoperative day. In 2 others it converted 
to right bundle branch block on the tenth 
and thirteenth postoperative days respec- 
tively, and in the fifth animal the complete 
atrioventricular block was replaced by de- 
layed intraventricular conduction on the 
ninth postoperative day. In the 5 other dogs 
with complete heart block this pattern re- 
mained constant in subsequent tracings 
taken 4 to 36 days postoperatively (Fig. 6). 


DISCUSSION 


In the experiments reported herein more 
than 50 per cent of the postoperative electro- 
cardi »graphic tracings studied demonstrated 
chan es in conduction. In order of frequen- 
cy, tie abnormalities produced were right 


Fic. 3. Demonstration of the conducting system after 
treating the septal surfaces of a fresh canine heart with 
Lugol’s solution. There has been no retouching of the 
specimen or the photograph. a, The right ventricular 
septal surface. The arrow points to the right bundle 
branch which is seen coming from beneath the septal 
leaflet of the tricuspid valve and running toward the base 
of the ventral papillary muscle of the tricuspid valve. b, 
The left ventricular surface. The arrow points to the 
broad and short trunk of the left bundle branch which is 
seen below the dorsal half of the right aortic cusp. 


bundle branch block (36.5 per cent), and 
complete heart block (23 per cent). The for- 
mer was seen most often when defects were 
produced in the area crossed by the right 
bundle branch, while complete atrioven- 
tricular block was more frequent in animals 
in which the tube was inserted in‘ the region 
of the base of the interventricular septum 
related to the initial segments of both bun- 
dles. A normal pattern was obtained when- 
ever the defect was placed in the ventral 
portion of the septum, which is not trav- 
ersed by any important conducting ele- 
ment. 
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Fic. 4. a, Internal view of the right ventricle of a dog 
heart with a tube in area a. b, Electrocardiogram of this 
dog, demonstrating no conduction disturbance (lead V)). 






































In previous experiments, when defects 
were produced in area d with a punch-like 
instrument, we observed complete heart 
block in 7 out of 13 dogs (53.8 per cent) (8). 
In a series of experiments designed to induce 
heart block, we succeeded in causing this 
condition in 12 out of 13 animals (92.3 per 
cent) either by crushing, ligation, or stabbing 
of the septum in area c (6). 

Other investigators, too, have noted con- 
duction disturbances following the produc- 


TABLE I.—CONDUCTION DISTURBANCES FOLLOW- 
ING PRODUCTION OF INTERVENTRICULAR 
SEPTAL DEFECTS 

Right Complete 





bundle _atrioven- 
No. of Location of branch tricular 
Group dogs defects Normal block block 
I 10 Areas a, b 10 0 0 
II 20 Area ¢ 3 15* 2T 
III 22 Area d 8 4 10f 
*1 reverted to normal. 
tl converted to delayed intraventricular conduction, 
$3 converted to right bundle branch block, and 2 to first degree 


heart block. 
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tion of punch defects, right bundle b:anch 
block being the most frequent one. The illus- 
trations accompanying the reports of Turk 
and his associate suggest that the cefects 
were created in the area crossed by the right 
bundle branch. 

From these observations it appears that 
conduction disturbances occurring wiih the 
production of interventricular septal defects 
are the result of direct injury to an identifi- 
able component of the conducting system. 
This pathogenesis of conduction disturbances 
has not been accepted by a group of workers 
who deny the existence of a specialized tis- 
sue for the conduction of the cardiac stimulus. 
More recently, however, other histologists 
have confirmed the classical concept that 
the Purkinje fibers comprise specialized 
structures which differ from the ordinary 
myocardial fibers. 

In a recent article Lillehei and his associ- 
ates again cast doubt on the existence of the 
Purkinje system. They repaired congenital 
interventricular septal defects by means of 
suture but did not observe conduction dis- 
turbances, and explained that these compli- 
cations did not occur because their patients 
were normothermic at the time of surgery, 
and because the cardiac flow was not sus- 
pended. Their implication that hypothermia 
and temporary anoxia may result in lasting 
electrocardiographic changes is not in accord 
with the works of other researchers. It is-un- 
likely that hypothermia was responsible for 
the remarkable conduction disturbances seen 
in our experiments. Complete atrioventric- 
ular dissociation, for instance, has never 
been reported in untraumatized hearts in 
the dog or in humans when the body tem- 
perature was maintained at or near 26 
degrees C. This complication has been re- 
ported to occur in dogs only when the body 
temperature was permitted to drop below 
20 degrees C., and it disappeared, after re- 
warming, in the animals that survived (5). 
Although anoxia might be productive of 
heart block, it has been noted that leart 
block can be provoked without halting the 
coronary circulation. Furthermore, tei 1p0- 
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Fic. 5. a, Heart specimen from a long-term survivor 
with a tube in area c. The flange of the tube presses upon 
the septal leaflet of the tricuspid valve and is partially 
covered by thick endocardium. b, Electrocardiogram of 
the same animal showing right bundle branch block (lead 


Vy). 


rary interruption of the circulation in other 
experimental intracardiac operations, such 
as the repair of atrial septal defects, has not, 
in our experience, resulted in permanent 
heart block (2). 

Although ligation of the central septal ar- 
tery at its origin has been reported to result 
in conduction disturbances, it does not ap- 
pear likely that the disturbances reported in 
the present work were the consequence of 
injury to this vessel. For example, heart 
block was a frequent complication when the 
defect was made in area d which is not 
crossed by the septal artery. 

Complete heart block has been reported 
to be an irreversible condition when it is 
caused by crushing, transection, or ligation 
of the bundle of His and its branches (1, 6). 
Hov ever, in the experiments reported here, 
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Fic. 6. a, Section of a septum with a defect in area d. 
The large opening in the center is the defect remaining 
after removal of the plastic tube. The aortic root forms 
the upper edge of the defect. Azocarmin stain. Magnifi- 
cation X3.5. b, Electrocardiogram of this animal demon- 
strating complete heart block (lead IT). 


this condition was often transitory, disap- 
pearing in the immediate postoperative pe- 
riod or as late as 13 days postoperatively. 
This phenomenon might well be due, to 
some extent, to the eventual relief of pressure 
on the conducting fibers by the foreign body, 
and the subsidence of edema. Nevertheless, 
it seems impossible to prevent atrioventric- 
ular block consistently when defects are pro- 
duced by any technique thus far developed 
in a specific area of the septum, such as area 
d, in which is found the bifurcation of the 
bundle of His. 

The weight of experimental and anatomic 
evidence points to the fact that trauma to 
“critical” areas of the cardiac septum is 
prone to cause conduction disturbances. 
Since the structure of the human heart is 
similar to that of the canine heart, the sur- 











geon’s attention should be directed toward 
prevention of such trauma during the clo- 
sure of congenital defects. Our own aware- 
ness of the difficulties encountered in avoid- 
ing the conducting system resulted in the 
development of a method for closing sub- 
aortic defects based on the use of a plastic 
sponge prosthesis held in place by only 1 
suture (3). 


SUMMARY 


1. Interventricular septal defects were cre- 
ated in dogs, under hypothermia, by means 
of a lucite tube. 

2. The defects were placed in 4 selected 
areas, designated a, b, c, and d. The first 2 
areas were located in the ventral portion of 
the septum, the latter 2 in the dorsal portion 
and at the septal crest. Defects in area d 
resembled, in location, the most common 
congenital defects. 

3. Conduction disturbances did not occur 
when defects were made in the ventral areas. 
Conversely, these disturbances were often 
observed when the defects were produced in 
the dorsal areas. Right bundle branch block 
was the most frequent finding in defects in 
area c (75 per cent), and complete heart 
block the most frequent in defects in area d 
(45.5 per cent). 

4. Right bundle branch block was persist- 
ent in most instances (89.4 per cent), where- 
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as complete heart block was often trans tory 
(50 per cent). 

5. The importance of these observa ions 
to surgery of the ventricular septuin is 
pointed out. 
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LESIONS OF THE ANUS 


BASAL CELL EPITHELIOMA AND BASALOID 


JOACHIM H. WITTOESCH, M.D., LEWIS B. WOOLNER, M.D., and 
RAYMOND J. JACKMAN, M.D., Rochester, Minnesota 


REPORTS ON SO-CALLED BASOSQUAMOUS and 
basal cell epitheliomas of the anal canal pe- 
riodically appear. Contrary to the behavior 
of basal cell epitheliomas of the skin, basal 
cell epitheliomas and basosquamous cell car- 
cinomas of the anal canal have been reported 
to metastasize. McQuarrie reported 2 true 
basal cell epitheliomas and 10 lesions that he 
described as transitional forms between basal 
and squamous cell epithelioma of the anal 
canal; he termed the latter lesions ‘‘baso- 
squamous cell” carcinomas. In a series of 49 
squamous cell carcinomas of the anal canal 
reported by Grinnell, 16 were said to have 
some of the features of basal cell epithelioma; 
3 of these showed metastasis to lymph nodes. 
Buie and Brust described 2 basal cell lesions 
of the anal canal among their series of ma- 
lignant anal lesions of epithelial origin. One 
of the 2 patients in question died from recur- 
rence 9 months after posterior resection; the 
other patient, who had inguinal metastasis, 
could not be traced. Raiford, who distin- 
guished between ‘‘discrete’’ (basal) and ‘‘dif- 
fuse’? (squamous) epitheliomas, observed 4 
tumors of the basal type in his series of 10 
anal lesions. One patient died from local re- 
currence 35 months after perineal proctec- 
tomy. 

Lawrence had 2 basal cell epitheliomas in 
his series of 21 tumors primary in the anal 
canal. One patient died from postoperative 
pneumonia, and the other died from local 
recurrence after 2 years. Keyes’ patient, 
who had basal cell epithelioma of the anus, 
died of recurrence. Bacon’s 2 patients died 
9 and 19 months, respectively, after abdom- 
inoperineal resection. 


~ 


rom the Sections of Proctology and Surgical Pathology, 
M yo Clinic and the Mayo Foundation, Rochester, Minnesota. 


Armitage and Smith were able to collect 
reports of 23 cases of “‘rodent ulcer’’ of the 
anus from the literature and added 4 cases 
of their own. Three of the lesions in their 
cases were located at the anal margin and 
the fourth was well into the anal canal. Death 
occurred in the latter case as the result of 
metastasis. Burns reported a basal cell epi- 
thelioma situated in the anal canal and lower 
part of the rectum. Four lymph nodes were 
involved. The author stated that the patient 
presumably died of metastasis. 

In a discussion of cutaneous tumors, Allen 
referred to basosquamous cell cancers as bas- 
al cell epitheliomas with foci of squamous 
cells or pearl formation. He did not consider 
that these tumors are likely to metastasize. 
He considered these foci to be centers of mat- 
uration in the central portion of groups of 
basal cells. However, at times a true squa- 
mous cell epithelioma appears to exist along- 
side a basal cell epithelioma. This combina- 
tion, of course, does not behave as innocently 
as does a basal cell lesion alone. Further- 
more, Allen stated that zones of spindle cells 
in squamous cell epitheliomas may resemble 
nests of basal cells. This misinterpretation 
may be responsible for considering these 
basosquamous lesions as more malignant. 

Haythorn differentiated between basal 
cell epitheliomas of the skin and those of 
mucosal origin. He regarded the latter as 
representing noncornifying tumors that are 
highly malignant and related to squamous 
cell epitheliomas. 


PRESENT STUDY 


From our files, we selected the records of 
all patients who had basal cell epithelioma 
of the anal canal and who were registered at 
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Fic. 1. Basal cell epithelioma of anal canal. a, Typical pattern showing nests of dark, closely packed 
cells with peripheral palisading. Note connection with basal layer of epidermis. Hematoxylin and 
eosin, X35. b, Cystic form. Hematoxylin and eosin, X75. c, Adnexal tumor of anal canal. Note 
cystic papillary architecture. Hematoxylin and eosin, X70. 


the Mayo Clinic between 1929 and 1955, in- 
clusive. In addition, sections of tissue from 
all squamous cell carcinomas of this region 
were reviewed histologically and those cases 
were selected that simulated basal cell car- 
cinoma to such a degree that the term “‘baso- 
squamous cell’? carcinoma or “squamous 
cell epithelioma imitating a basal cell epi- 
thelioma”’ had been affixed to them in the 
original diagnosis. After all conventional 
squamous cell epitheliomas were excluded, a 
total of 28 cases remained for study. After 
further histologic examination, 10 of these 
tumors were classified as true basal cell epi- 
theliomas, 9 as basaloid squamous cell epi- 
theliomas, and 7 as basaloid small cell car- 
cinomas. One lesion was classified as a 
squamous cell epithelioma, papillary type, 
and the remaining one was considered as an 
adnexal tumor. 


HISTOPATHOLOGY 


The histologic appearance of true basal 
cell epitheliomas of the anal canal resembles 
that of similar lesions occurring in other 
sites. Considerable variation is present in the 
histologic structure of basal cell epitheliomas 
of the anal canal, as is true elsewhere, but 
perhaps the most typical appearance con- 
sists of nests of small, closely packed, dark- 
staining cells with regular nuclei (Fig. 1a). 
These nests show a row of similar cells ar- 
ranged in radial or palisaded fashion. Mi- 
totic figures are fairly common. The tumor 
may be seen to arise from the basal layer of 


the epidermis (Fig. 1a) or from the corre- 
sponding layer of hair follicles. Cystic or 
cylindromatous forms of basal cell epithe- 
lioma also occur (Fig. 1b). This variation in 
structure does not affect the behavior of the 
tumor. As already mentioned, 1 adnexal 
tumor was encountered in our group of 
lesions (Fig. 1c). In the anal canal, as in the 
skin, such papillary lesions are considered 
benign. 

A number of different patterns were en- 
countered in the group of squamous cell car- 
cinomas that exhibited some resemblance to 
basal cell epitheliomas (basaloid squamous 
cell carcinomas). As indicated previously, 
this series did not include the more or less 
conventional squamous cell carcinoma with 
moderate keratinization (Fig. 2a). By con- 
trast, the basaloid lesion shown in Figure 2b 
exhibits no keratinization; peripheral pali- 
sading is present but the cells are larger and 
more anaplastic than in the usual basal cell 
epithelioma. Figure 2c shows a squamous 
cell carcinoma included in this group that 
bears some resemblance to a basal cell epi- 
thelioma, such as the presence of central 
whorls of squamatized cells. Figure 2d shows 
a papillary type of squamous carcinoma, also 
included in this group. 

The exact nature of the 7 highly malig- 
nant basaloid small cell lesions is yet to be 
determined. Because of the small size of the 
cells, we have referred to these as “‘basaloid 
small cell’? carcinomas (Fig. 3a and b). 
These lesions bear only a superficial resen:- 
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Fic. 2. Squamous cell carcinoma of anal canal. a, Ordinary type (excluded from this series) show- 
ing keratinization. Hematoxylin and eosin, X100. b, Basaloid type. Keratinization and peripheral 
palisading are absent. c, Squamous cell carcinoma with central whorls showing some resemblance to 
corresponding type of basal cell epithelioma, or basosquamous type. Both, hematoxylin and eosin, 
X130. d, Papillary type of squamous cell carcinoma. Hematoxylin and eosin, 85. 


blance to basal cell epitheliomas; there is 
much greater nuclear anaplasia, the cells 
are less regular in size and arrangement, 
and the masses of cells lack the peripheral 
palisading. 


CLINICAL FEATURES 


Location. The location of the 28 tumors is 
scen in Figure 4. The basaloid small cell 
carcinomas were at, or close to, the dentate 
line. The basaloid squamous cell epithelio- 
mias were evenly distributed over the anal 
canal. The 1 papillary squamous cell epithe- 
lioma was at the dentate line. All the basal 
cell epitheliomas occurred at the anal mar- 
¢ nor in the distal part of the anal canal. The 


1 adnexal tumor was located at the anal 
margin. 

Sex and age. The sex distribution was about 
even except for the basal cell epithelioma 
group, in which 9 of the 10 patients were 
men. The average age in all groups was in 
the late fifties or early sixties. The youngest 
patient presenting a small cell lesion was 34 
years of age, the oldest 72. The correspond- 
ing ages in the patients who had basaloid 
squamous cell epitheliomas were 42 and 81 
years of age, and in those with basal cell 
epitheliomas they were 50 and 74 years of 
age. The patient who had the papillary 
squamous cell epithelioma was 50 years old, 
and the patient with adnexal tumor was 48. 
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Fic. 3. Basaloid small cell carcinoma of anal canal. 
a, Note the resemblance to basal cell carcinoma (small 
size of cells). However, nuclear irregularity is present, 
with absence of peripheral palisading. b, Another lesion 
included in this group. Both, hematoxylin and eosin, 


150. 


Duration of complaints. The duration of 
complaints of the patients who had basaloid 
small cell carcinoma often was less than a 
year, while complaints in the other groups 
usually had been present for a period of 
several years. 

Previous radiation treatment. Of the 28 pa- 
tients, 10 had undergone previous radiation 
treatment for such conditions as pruritus ani 
and low grade anal infection. One of these 
had basaloid small cell carcinoma, 2 had 
basaloid squamous cell epithelioma, and 7 
had basal cell epithelioma. This radiation 
therapy had been given 5 to 37 years before 
the patients came to the clinic. A summary 
of clinical data is presented in Table I. 





TREATMENT AND RESULTS 


In the group of patients who had basa! vid 
small cell carcinoma, 2 had abdominopcri- 
neal resection, followed by radiation; one 
of these patients, seen in 1955, had mcta- 
static involvement of 15 lymph nodes, ind 
the other died 6 months after operation from 
her disease. Two patients, both seen in 155, 
were treated by local excision because of 
their extremely poor general condition; one 
of them received additional radium therapy. 
Two other patients had radium therapy only 
because radical surgical intervention was 
contraindicated by the presence of hepatic 
metastasis; these patients died 3 and 5 
months, respectively, after treatment. The 
final patient in this group refused operation 
and death occurred 1 year after the diagnosis 
was made. 

In the group of basaloid squamous cell 
epitheliomas, 2 patients had radical opera- 
tions; one of these died 8 years later from 
pulmonary metastasis, and the other died 3 
years after operation. Of 4 patients treated 
by local excision, 1 died 10 days after opera- 
tion from coronary heart disease, another 
died 15 years after operation at the age of 
87, and the remaining 2 were alive without 
recurrence after 8 and 13 years, respectively. 
The other 3 patients in this group could not 
be traced. One of them was treated by means 
of colostomy and radium and one with ra- 
dium only; the third refused surgical treat- 
ment. 

Of the 10 patients who had basal cell epi- 
theliomas, 9 were treated by local excision, 





Fic. 4. Location of the 28 anal tumors in this study. 
a, Basaloid small cell carcinomas. b, Basaloid squamo is 
Cell epitheliomas. XY marks location of the papillary 
squamous cell epithelioma. c, Basal cell epitheliomas. 
X marks location of the adnexal tumor. 
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TABLE I.—CLINICAL DATA IN 28 BASAL CELL AND BASALOID ANAL TUMORS 


— Treatment at Mayo Clinic— 


Duration Previous 


Type «/ Age, of radia- Local Radia- 
tumor Case Year years Sex symptoms tion excision tion 
Basaloid 11929 53 F 4wks. xX 
small cell 2 1942 72 M 1yr. xX 
carcinoma 3 1948 58 M 3 mos. 
4 1952 34 M_ 2 mos. x 
5 1955 60 F 4 mos. X x 
6 1955 60 M 4yrs. x 
7 1955 57 F  ? yrs. X x 
Basaloid 8 1937 72 F 37 yrs. xX 
squamous 9 1942 54 M 5yrs. xX 
cell 10 1944 59 M 15 yrs. xX 
epithelioma 11 1945 67 M _ 3yrs. xX 
12 1948 81 M_ 1mo. Xx 
13 1948 43 F  ?Pyrs. 
14 1950 65 M_  2yrs. x 
15 1952 42 F 5S -yys. x xX 
16 1954 51 F  5yrs. 
Basal cell 17 1942 60 M 29 yrs. XxX xX 
epithelioma 18 1943 50 M 4-8 yrs. X x 
19 1944 53 M 10 yrs. xX xX 
20 1948 60 M 9 mos. x 
21 1947 74 M 10 yrs. xX xX xX 
22 1949 55 M 4yrs. X X 
23 1950 68 M ?yrs. Xx X > 
24 1951 63 F tyr. X xX 
25 1951 70 M _ 1yr. 
26 1953 66 M 1I1yr X x 
. 27 1953 48 F 12 yrs. >, 4 
t 28 1950 50 F 4yrs. xX xX 


*Squamous cell epithelioma, papillary type. 
tAdnexal tumor. 


and 3 of these had additional radium ther- 
apy. One of these patients died after 4 years 
from carcinoma of the prostate. Six of them 
were alive and well without complaints after 
periods ranging from 3 to 13 years. The re- 
maining 3 of this group of 10 patients could 
not be traced; 1 of them had refused treat- 
ment. 

The patient who had the papillary squa- 
mous cell carcinoma had come to the clinic 
in 1953 because of local recurrence 12 years 
after local excision had been done elsewhere; 
wide local excision was done at the clinic 
but follow-up has not been possible. ‘The pa- 
tient who had the adnexal tumor was making 
good progress 2 years after operation. Clini- 
cil data concerning treatment and results 
i) 28 basal cell and basaloid anal tumors 
ae noted in Table I. 





Results. 
Death, Living and 
Radical interval well,interval No 
opera- Re- Metas- after after follow- 
tion fused tasis diagnosis diagnosis up Complications 
xX 6 mos. 
xX 5 mos. 
x xX 1 yr. 
xX 3 mos. 
? 7 mos. 
xX x x 
? x 
15 yrs. 
13 yrs. 
8 yrs. 
xX X 8 yrs. Pulmonary 
metastasis 
10 days Coronary 
xX xX 3 yrs. death 
xX 
xX 
x xX 
13 yrs. 
12 yrs. 
6 yrs. 
6 yrs. 
3 yrs. 
x 
4 yrs. Carcinoma 
of prostate 
3 yrs. 
x xX 
x 
2 yrs. 


SUMMARY AND CONCLUSIONS 

A study has been made at the Mayo 
Clinic of 28 patients who had anal tumors 
that showed basal cell features. ‘These tumors 
were subdivided in 5 histologic groups. 
Seven of the 28 tumors were basaloid small 
cell carcinomas; they all occurred near the 
dentate line and showed a high degree of 
malignancy. The duration of symptoms in 
this group was rather short. The other 
groups, consisting of 10 basal cell epithe- 
liomas, 9 basaloid squamous cell epithelio- 
mas, 1 papillary squamous cell epithelioma, 
and an adnexal tumor, behaved like corre- 
sponding lesions of the skin. The basal cell 
epitheliomas were found predominantly at 
the anal margin; the basaloid squamous cell 
epitheliomas were scattered throughout the 
anal canal. 











It is suspected that some of the metas- 
tasizing basal cell epitheliomas and baso- 
squamous cell epitheliomas of the anal canal 
reported in the literature actually have been 
lesions of the type represented by basaloid 
small cell carcinomas. It is of great impor- 
tance to distinguish these latter highly ma- 
lignant Jesions from basal cell epitheliomas 
and from squamous cell epitheliomas simu- 
lating basal cell epitheliomas. 
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THE USE OF TEFLON AS A BLOOD VESSEL 
REPLACEMENT IN EXPERIMENTAL ANIMALS 


J. HAROLD HARRISON, M.D., Denver, Colorado 


‘THOUGH HOMOGRAFTS have played a major 
role in the extension of the field of arterial 
surgery, the limited supply, time involved 
in procurement and preservation, and ev- 
idence that there is breakdown after long 
periods of implantation make them less than 
ideal. Recent efforts have been directed to- 
ward developing satisfactory synthetic pros- 
theses that could be readily available in any 
number, size, or shape, and would not de- 
generate over a long period of time. Since 
the report in 1952 by Voorhees and asso- 
ciates with grafts of vinyon “‘N”’, others have 
reported favorable results with a variety of 
synthetic materials. 

Theoretically, “‘teflon’’! better fulfills the 
criteria of the satisfactory synthetic pros- 
thesis than any plastic reported to date. It is 
flexible, elastic, and has a high mechanical 
strength over a wide range of temperatures. 
It has a high degree of chemical inertness, 
being attacked only by molten alkali metals 
and fluorine gas at elevated temperatures 
and pressures. It is practically nonwettable 
and incites minimal tissue reaction (4). This 
report is based on the results obtained with 
grafts of teflon replacing segments of the 
thoracic and abdominal aortas and femoral 
and carotid arteries in 60 dogs. 


MATERIALS 


The prostheses used in this study were of 
two types. For the replacement of the tho- 
racic aortas, weaves of teflon (TF-208 and 
| F-210) (Table I) were fashioned with a 
sewing machine into grafts of the appropri- 
ate size and shape (Figs. 1 and 2). For the 
abdominal aortas, femoral and carotid ar- 
teries, woven tubes were used (Table I) 


From the Research and Development Service, Fitzsimons 
Army Hospital, Denver, Colorado. 
'Trade name for polytetrafluoroethylene. 
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(Figs. 1 and 2). All of the grafts were washed 
and boiled in water and a detergent to re- 
move plasticizers. Part of the woven tubes 
were further treated by boiling for 24 hours 
in each of the following: concentrated nitric 
acid, concentrated sulfuric acid, 50 per cent 
sodium hydroxide, and aqua regia. The 
grafts were bleached white and shrinkage 
occurred, resulting in a lower porosity 
(Fig. 2). The ends were sealed by flaming 
with a Bunsen burner to prevent fraying 
during insertion. 


METHODS 


Adult mongrel dogs were used in the 
study. Intravenous sodium pentobarbital 
was used for anesthesia. Endotracheal tubes 
were inserted and oxygen given by inter- 
mittent positive pressure with a pneophore 
valve. All arterial anastomoses were per- 
formed in the same manner. Everting mat- 
tress sutures of No. 5-0 artery silk were 
placed at two corners, then the anastomoses 
were completed with a continuous over-and- 
over suture. _ 

Eighteen grafts were inserted into the 
thoracic aorta. The chest was entered through 
the fifth intercostal space and the aorta ex- 
posed from the arch distally 6 inches. Six 
pairs of intercostals were ligated and divided. 
A shunt made of polyethylene tubing was 
placed between the subclavian artery and 
the descending aorta during the period of 
occlusion. A segment of artery 5 centimeters 
in length was excised between Potts clamps 
and replaced by a tapered graft the same 
size and 6 to 7 centimeters in length. The 
shunt was then removed and the defect in 
the aorta closed. ‘The distal clamp was re- 
leased and blood allowed to fill the graft. 
After all bleeding had stopped, usually by 1 
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Fic. 1. Photo of treated and untreated grafts of teflon. 
a, Grafts made with sewing machine. b, Woven tubes. 


minute, the proximal clamp was gradually 
released. The subclavian stump was ligated. 

Thirty woven tubes of teflon, 11 washed 
and boiled in water and a detergent (here- 
after referred to as untreated) and 19 further 
treated as described in the foregoing, were 
inserted into the abdominal aorta. The ab- 
domen was opened through a midline in- 
cision and the aorta freed from the renal 
arteries to the trifurcation. A segment 4 to 5 
centimeters in length was excised and re- 


TABLE I.—PHYSICAL CHARACTERISTICS OF TEFLON 


GRAFTS 
Thread count 
Type of (thr./inch) Weight Air 
graft Warp Filling —(0z./sq.yd.) _porosity* 
TF-208..... , 76 65 8.46 3.4 
TF-210... ...:: ci JR 44 11.78 1.9 
Woven tubes 
(untreated)...... 108 59 = hs 
Woven tubes 
CepeAte) os is cce's 108 61 _ 5.4 





*Number of cubic feet of air that will pass through a square 
foot of fabric at an air pressure of 0.5 inch of water. 


TABLE II.—SUMMARY OF RESULTS WITH TEFLON 
GRAFTS AND HOMOGRAFTS 


Diameter 
of graft, 
mm. Type of No. No. Per cent 
Vessel graft followed occluded* occluded* 
Sewn grafts 
Thoracic Above 9 (TF-208) 18 0 0 
aorta (TF-210) 
Abdominal 6—8 Woven tubes 
aorta (untreated) 11 1 11.4 
Woven tubes 
(treated) 19 1 6.3 
Homografts 10 1 10.0 
Femoral and Woven tubes 
carotid (treated) 12 11 91.7 
arteries 4 





*Figures exclude grafts that thrombosed during first 24 hours 
and 1 that occluded as a result of buckling from purposefui loose 
jnsertion (see text). 


placed by a graft the same diameter and 5 ‘o 
6 centimeters in length. In 3 animals |: ss 
artery was removed to determine the effect 
of inserting the grafts loosely. 

Twelve woven, treated grafts were in- 
serted into the femoral and common carotid 
arteries of large dogs. A 4 centimeter sev- 
ment was excised between Potts bulldog 
clamps and replaced by a graft 4 millimeters 
in diameter and 4 centimeters in length. 

In a control series of 10 dogs, frozen-dried 
homografts were inserted into defects in the 
abdominal aorta using the same technique 
employed with the teflon grafts. 

Postoperatively, the dogs were given pen- 
icillin for 1 week. ‘They were followed care- 
fully for changes in pulses, then sacrificed at 
intervals up to 6 months. At the time of sac- 
rifice the animals were anesthetized, and, 
while still alive, the grafts were visualized to 
evaluate the blood flow. All were excised and 
studied grossly and histologically. 

Tensilestrength determinations were made 
on part of the grafts, using the Instron appa- 
ratus.” The grafts were dissected from their 
enclosing fibrous tissue, and strips 4 inch in 
width were cut in the direction of the fibers. 
Similar width and length strips of the orig- 
inal fabric used in making the grafts were 
used for controls. ‘Thread counts were done 
on both, and specimens pulled in the direc- 
tion of the warp and filling fibers were com- 
pared with their respective controls. Similar 
studies were done on a teflon weave (TF- 
210) that had been implanted into a defect 
in the pericardium for 10 months. 


RESULTS 


Thoracic aorta. ‘The polyethylene shunts 
satisfactorily prevented shock or paralysis 
from aortic occlusion during the 20 to 30 
minutes necessary for inserting the grafts. In 
the 18 animals followed there were no early 
complications related to the grafts (Table 


2The Instron apparatus is a highly sensitive electronic weigh- 
ing system employing bonded-wire strain gauges for detectins 
and recording the tensile load applied to the sample under tes’. 
A stress-strain curve is plotted. With this apparatus full sca!: 
sensitivities can be extended from 2 grams to 1,000 pounds o- 
more. The accuracy is independent of the range and is bette~ 
than 0.5 per cent. 
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Fic. 2. Photomicrographs (X20) of weaves of grafts. a, TF-208. b, Teflon tubing. c, Treated 


teflon tubing. 


II). The animals that have not been sacri- 
ficed have excellent pulses. 

Abdominal aorta. A total of 30 animals were 
followed for periods up to 6 months. Of the 
11 untreated grafts there was thrombosis 
during the first 24 hours in 2. Another be- 
came occluded on the fourteenth postoper- 
ative day (Table III). At autopsy there was 
found a small hematoma around the proxi- 
mal end, a thick fibrin lining on the inner 
surface, and a small thrombus completely 
occluding the lumen. 

Of the 19 treated grafts inserted into the 
abdominal aorta, one became occluded by 
thrombosis during the first 24 hours, and an- 
other on the sixteenth postoperative day by a 
thrombus superimposed on a thick fibrin 
lining. One of the 3 grafts that were pur- 
posely inserted loosely became occluded at 
21 days. Another had an intermittent loss of 
pulses, but the graft remained patent. Both 
were found at autopsy to have kinks in the 
central portion. The remainder of the treated 
and untreated grafts remained patent during 
the period of observation (Table III). 

There was occlusion by thrombosis in 1 of 
the 10 homografts inserted into the abdom- 
inal aorta (Table IT). 

Carotid and femoral arteries. Of 12 woven, 
treated grafts 4 millimeters in diameter in- 
serted into defects in these vessels, there was 
occlusion by thrombosis in all except 1 
(fable IT). 

The inner surface of the grafts was early 
lined with fibrin which increased in thick- 
ness for 3 to 4 weeks (Fig. 3a and b). In most 
g-afts this never exceeded 1 millimeter. The 





outer surface was enclosed in fibrous tissue 
by 1 to 2 weeks. The fibrin lining was grad- 
ually replaced by fibrous tissue growing 


TABLE III.—OBSERVATIONS WITH WOVEN TEFLON 
GRAFTS REPLACING SEGMENTS OF THE ABDOM- 
INAL AORTA 

Dog Length of Diameter of Follow-up 

No. graft,cm. graft, mm. period, days Patent Comment 


Untreated Grafts 


543 6 8 6 + Thin fibrin lining 

416 5 8 29 + 20percent healed 

527 2 8 60 + Healed in central 
portion 

516 6 8 91 + Healed 

513 5 8 124 + Fibrin lining 

313 6 6 180 + Healed 

288 5 8 209 + Fibrin lining 

499 § 8 186 + 80 percent healed 

524 5 8 3 0 Thrombosed— 
less than 24 hrs. 

509 6 8 20 0 Thrombosed—14 
days 

525 4 6 4 0 Thrombosed—6 
hrs. 

Treated Grafts 

561 6 8 3 + Thin fibrin lining 

623 6 8 a + Thin fibrin lining 

621 6 8 14 + Thin fibrin lining 

614 6 8 21 + Thin fibrin lining 

595 6 8 21 + Thin fibrin lining 

606 6 8 30 + Healed 

613 6 8 60 + 20 percent healed 

619 6 8 65 + Good pulses 

575 5 6 78 + Healed 

383 5 6 99 + Healed 

571 5 6 112 + Healed 

431 Ls 6 67 + Healed 

559 5 8 159 + 90percent healed 

538 5 8 160 + Healed 

569 5 6 121 + Healed 

567 5 6 1 0 Thrombosed— 
less than 24 hrs. 

537 5 8 27 0 Thrombosed—17 
days 

603* 6 8 22 0 Kink and throm- 


bosed—21 days 
565* 5 6 30 + Intermittent loss 
of pulses; buck- 
led but patent 





*Grafts purposely inserted loosely, 
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Fic. 3. Photographs of treated grafts showing stages of 
healing. a, Dog No. 631, 5 days. Note thin layer of fibrin. 
b, Dog No. 614, 21 days. There is a thicker layer of fibrin 
in central portion, and fibrous lining progressing from 
end. c, Dog No. 606, 30 days. Fibrin has been largely 
replaced by thin, glistening lining of the fibrous tissue. 


through the interstices of the weave. This 
progressed from the proximal and distal ends 
and later islands in the central portion of the 
grafts (Fig. 3b and c). Healing was complete 
in most by 1 to 3 months. The inner surface 
of the healed grafts was smooth and glis- 
tening, appearing grossly not unlike the in- 
tima of the host aorta (Fig. 3d). Microscop- 
ically, it consisted of a layer of flattened 





Fic. 4. Healed teflon graft (X30). Note thin fibrous 
covering and minimal foreign body reaction. 
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d, Dog No. 569, 121 days. Healed stage. Inner surface 
grossly not unlike host aorta. Thin layer of fibrous tissue 
encloses the graft. 


fibrous tissue continuous with the outer fi- 
brous covering through the interstices of the 
weave (Fig. 4). The degree of foreign body 
reaction surrounding the teflon was minimal 
(Fig. 4), and less than that noted with homo- 
grafts followed for the same period of time. 
The fibrous tissue enclosing the healed grafts 
was minimal, resulting in more pliability 
than was noted with grafts of nylon, dacron’, 
orlon‘, or ivalon sponge (2). 

The treated grafts had thinner fibrin 
linings, healed more rapidly, incited less 
tissue reaction, and were enclosed in a 
thinner layer of fibrous tissue than the un- 
treated grafts (Figs. 5 and 6). , 

Tensile strength studies. Treating the teflon 
resulted in a 2.9 per cent loss of strength 
(Fig. 7). In 1 animal there was a loss of 3.9 
per cent of the original strength after 114 
days. In the remainder of the treated and 
untreated grafts there was a gain in strength 
of 1.6 to 7.4 per cent after periods up to 20% 


3Trade name for polyethylene glycol terephthalate. 
‘Trade name for polyacrylonytrile. 
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Fic. 5. Dog No. 513, 124 days. Photo of opened untreat- 
ed teflon graft. Fibrin lining still present except at ends. 
Healing is slower than with treated grafts, 


days (Table IV). There was a 10.2 per cent 
gain in strength of the teflon implanted into 
the pericardium for 301 days (Fig. 8) (Ta- 
ble IV). 


DISCUSSION 


The early results with teflon as a vascular 
prosthesis are encouraging. They have been 
divided for presentation into groups, de- 
pending upon the diameter of the grafts. 
The short term results with teflon grafts in 
the thoracic aorta (above 9 mm. in diam- 
eter) are excellent, but are not too signif- 
icant in that the early results with almost 
any synthetic grafts replacing vessels this size 
are good. In this laboratory there has been 
thrombosis in only 1 of 82 grafts of nylon, 
dacron, orlon, ivalon sponge, or teflon re- 
placing segments of the thoracic aorta (1-3). 

The important factor in these is mainte- 
nance of strength of the walls to prevent 
aneurysm or rupture. The fibrous tissue that 
encloses the grafts will give added support, 
but the ultimate strength will depend upon 
the plastic, itself. Tensile strength studies 
with other plastics have shown that the rate 
of loss of strength is highest during the first 
6 months. (Nylon loses 83 per cent of its 
strength in 6 months and no more after 1614 
months) (2, 3). The maintenance of strength 
of teflon after 301 days is, therefore, of par- 
ticular significance. The reasons for its gain 
in strength after implantation are not clear. 
Part of the fibrous tissue in the interstices of 
the weave is left when the strips are prepared 
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Fic. 6. Dog No. 313, 180 days. Photo of healed untreat- 
ed teflon graft. Inner and outer fibrous linings are thicker 
than that with treated grafts. 





for tensile testing. This could aid in holding 
the fibers together so they would pull more in 
unison, resulting in a slightly higher breaking 
point. Studies in this laboratory indicate that 
the loss of strength of synthetic materials is 
due largely to chemical degradation. From 
the inertness of teflon, one would expect 
minimal future loss. Further follow-up, of 
course, will be necessary and is planned. 

As the diameter of the graft decreases 
(less than 9 mm.), the problem of occlusion 
from thrombosis becomes more important. 
The layer of fibrin deposited on the inner 
surface of grafts of the same material is the 
same thickness regardless of the diameter. 


' As the diameter decreases, the lumen is de- 


creased more in proportion, and the result 
is a greater reduction in flow and a better 
chance of occlusion from thrombosis. Short 
term follow-up of small diameter grafts is 
significant in that thrombosis, when it is to 
occur, will most often do so during the first 
month when the fibrin layer is increasing in 
thickness. In 40 of a total of 150 grafts of 
nylon, dacron, orlon, ivalon sponge, and 
teflon in the abdominal aorta that have be- 
come occluded, the average time was 16 
days (2). 

It is believed that occlusion occurring in 
grafts during the first 24 hours is not signif- 
icant. This is probably a result of operative 
trauma and shock. The loosely inserted 
grafts in this series which became throm- 
bosed can also be excluded, as the thrombosis 
resulted from kinking. Of the remaining 25 
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Fic. 7. Reproduction of Instron recording of tensile 
strength of woven teflon grafts. 

Fic. 8. Reproduction of Instron recording of the tensile 
strength of a teflon weave before and after implantation in 
a pericardial defect. 
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woven teflon grafts in the abdominal aorta, 
there was occlusion in 2 or 8.0 per cent. 
There was occlusion in 1 or 6.3 per cent of 
the treated grafts, and 1 or 11.4 per cent of 
the untreated (Table II). These results com- 
pare favorably with the 10 per cent rate of 
occlusion with homografts and are consider- 
ably better than the rate obtained in this 
laboratory with grafts of nylon, orlon, dac- 


TABLE IV.—SUMMARY OF TENSILE STRENGTH 
DETERMINATIONS ON TEFLON GRAFTS 
Tensile strength (lbs./0.5 in.)* Per 


Dog Type of No. of Control Graft cent change 

No. teflon days Warp Filling Warp Filling in strength 

526 TF-210 89 85.0 64.5 89.8 + 5.6 

473 TF-208 114 56.2 44.0 54.5 — 3.0 

559 Woventube 159 700 — 75.2 + 7.4 
(treated) 

538 Woventube 164 70.0 — 73.8 + 5.4 
(untreated) 

288 Woven tubef 208 79.7 — 81.0 + 1.6 
(untreated) 

306f TF-210 301 85.0 64.5 — 71.1 +10.2 


*Tensile strength of grafts computed for similar length and 
thread count of control. 

tDifference in results in control and graft due to pulling shorter 
specimen. 

tPericardial implant. 
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ron, or ivalon sponge in replacing similar 
sized vessels (2). 

The results in the femoral and carotid 
arteries are the same as those with a similar 
series of grafts of ivalon sponge (1). It is be- 
lieved that none of the plastic grafts now 
available will be satisfactory for replacing 
arteries less than 5 millimeters in diameter. 

In replacing segments of vessels over 9 
millimeters in diameter, grafts made from 
the woven fabrics with a sewing machine or 
woven tubes will give equal results. In re- 
placing small arteries the woven tubes are 
preferable. The thickness of the fabric makes 
it difficult to sew a satisfactory small grait, 
and results in this laboratory with sewn 
grafts of nylon and dacron replacing small 
vessels indicate that the longitudinal seain 
will result in a high rate of thrombosis, even 
if the fabric is thin. 

The treatment of teflon seems advisable, 
particularly if the grafts are to be used for 
replacing small vessels. The thinner fibrin 
lining deposited will result in lower rate of 
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thrombosis than is reflected by the results in 
this series. The tissue tolerance is better and 
healing is more rapid and complete. The re- 
duction in porosity produced by the treating 
has caused no difficulty but could be elimi- 
nated by making the weave more porous 
initially or treating the yarn prior to weaving 
the grafts. There is evidence that boiling the 
grafts in concentrated nitric acid for 24 
hours might give equal results. 

Because of the difficulty in making teflon 
fibers adhere to each other, the grafts tend 
more than those of other synthetic materials 
to fray at the ends. Adequate flaming will 
prevent this occurrence, however, and cuffs 
are not necessary. 

The manufacturers have not been able to 
extrude teflon fibers of a small size; therefore, 
the walls of the grafts are thicker than de- 
sirable. For this reason more care must be 
exercised in inserting them under the proper 
amount of tension. Looseness will result in 
buckling of the grafts and a high rate of 
thrombosis, as evidenced by thrombosis in 
one and intermittent loss of pulses in another 
of the 3 grafts so inserted in this series. 

Attempts are being made at the present 
time to develop a teflon tube that will not 
buckle. This should offer advantages in re- 
placing small arteries, particularly those in 
flexion creases. 


SUMMARY AND CONCLUSIONS 


Grafts of teflon were inserted into the tho- 
racic and abdominal aortas and femoral and 
carotid arteries of 60 dogs and followed for 
periods up to 6 months. 

There were no complications in 18 grafts 
inserted into the thoracic aorta. Of the 


woven grafts inserted in the abdominal aor- 
ta, there was occlusion in 11.4 per cent of the 
untreated and 6.3 per cent of the treated 
compared to 10 per cent occlusion with 
frozen-dried homografts. There was occlu- 
sion in 11 of 12 treated, woven grafts re- 
placing segments of the femoral and carotid 
arteries. 

The teflon weave gained in strength after 
208 days as an artery graft and 301 days as 
a pericardial graft. 

In a comparative study in this laboratory 
of 250 synthetic vascular prostheses the re- 
sults with teflon have been better than those 
obtained with nylon, orlon, dacron, or ivalon 
sponge. The fibrin layer deposited on the 
inner surface is thinner, and healing is more 
rapid, resulting in a lower rate of thrombo- 
sis in small vessels. The results indicate that 
it will resist degradation for a longer period 
of time. 

The author doubts that any of the syn- 
thetic grafts now in use will be satisfactory 
for replacement of vessels less than 5 milli- 
meters in diameter. 
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TRAUMATIC CEREBROSPINAL FLUID RHINORRHEA AND 


OTORRHEA, PNEUMOCEPHALUS, AND MENINGITIS 


T. P. MORLEY, F.R.C.S., and R. F. HETHERINGTON, M.D., Toronto, Ontario, Canada 


FROM THE TIME that Dandy, in 1926, re- 
ported the repair with fascia of a trau- 
matic dural defect over a fracture into the 
frontal air sinus, the danger of meningitis 
from such an internal compound fracture 
has become more widely appreciated. Ex- 
actly 100 years before Dandy’s article ap- 
peared Miller, according to Gissane and 
Rank, in 1826 wrote the first description of 
posttraumatic cerebrospinal rhinorrhea to 
be published in the English medical litera- 
ture, though Bidloo as far back as about 
1700 A.D. had reported a case in Holland. 
World War II intensified the study and 
treatment of fractures of the paranasal air 
sinuses associated with dural rupture. Cairns, 
in 1937, had made a plea for more active 
measures to be undertaken toward the re- 
pair of dural defects when related to frac- 
tures of the paranasal air sinuses, but he 
was not able from his study of 13 cases so 
treated to say what might be the degree of 
risk to this class of patient if surgical repair 
were not carried out. The chance of menin- 
gitis since then has been variously estimated 
at from 25 per cent by Lewin to 50 per cent 
by Calvert in untreated patients. The pres- 
ent large number of head injuries in domes- 
tic, industrial, and automobile accidents 
(with every sign of this number growing 
yearly) makes the recognition and treatment 
of the internal compound skull fracture with 
dural tear increasingly important. The pur- 
pose of this article is to review the treatment 
in a series of cases in which defects of the 
dura mater were known to have occurred by 
the presence of pneumocephalus, cerebro- 
spinal fluid rhinorrhea, cerebrospinal fluid 
otorrhea, or meningitis alone or associated 


From the Department of Surgery, University of Toronto, and 
the Division of Neurosurgery, Toronto General Hospital. 


with one of these complications. Certain 
roentgenographic features will also be dis- 
cussed. 


MATERIAL 


Sixty-five cases are reviewed, in 5 of 
which the injury was due to penetrating 
gunshot wounds involving the paranasal air 
sinuses. These 5 cases have been included 
because the wounds involved the paranasal 
sinuses and the dura overlying them, and 
the therapeutic problem that they presented 
was therefore essentially the same as in the 
*“‘closed”’ injuries. For the same reason, 2 
cases of cerebrospinal fluid rhinorrhea fol- 
lowing mild trauma have been included 
although 1 patient was discovered later to 
have an ethmoid osteoma and the other a 
fistula through an apparently undamaged 
cribriform plate. Every case that we have 
been able to trace of dural tear proved by 
operation or by clinical manifestation (cere- 
brospinal fluid rhinorrhea or otorrhea, pneu- 
mocephalus, or meningitis) has been in- 
cluded. In 55 cases the dural defect was 
situated in the anterior cranial fossa, in 9 
it was related to the petrous bone, and in | 
case the dural defect was a combination of 
both. 


PRESENTING SIGNS 


The manner in which the dural tears pre- 
sented in 57 cases was as follows: by cerebro- 
spinal fluid fistula alone in 14 cases; pneu- 
mocephalus alone in 7; cerebrospinal fluic 
fistula plus pneumocephalus in 17; menin- 
gitis alone in 6; and by meningitis with or 
following fistula or pneumocephalus in 13 
In the remaining 8 cases the tear was dis- 
covered at primary débridement of the fron- 
tal wound. 
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ANTERIOR FOSSA FRACTURES 


he distribution of fistulas in the anterior 
fossa was as follows: 10 in the frontal bone; 
12 in the ethmoid; 25 in the frontal and 
ethmoid; 2 in the sphenoid; 1 in the sphe- 
noid, frontal, and ethmoid; 1 in the cribri- 
form; in 4 exploration for the site of rhinor- 
rhea was negative. Most of the anterior fossa 
injuries were due to indirect violence from a 
blow on the front of the head; 4 were from 
penetrating gunshot wounds. The ethmoid 
cells have the largest share of fractures and 
the cribriform plate the smallest. This is in 
keeping with Johnson’s observations on the 
anatomy of fractures in this region which 
demonstrate that the thin roof of the eth- 
moidal labyrinth on either side of, and pos- 
terior to, the cribriform plate is so frequently 
fractured. The T-shaped mass of bone formed 
by the crista galli and the cribriform plate is 
exceedingly strong compared with the sur- 
rounding shell-like bone of the air cells, and 
the plate itself is a tough reticulum of cords 
of dense bone. That is why it is uncommon 
for fractures to traverse the plate; they will 
tend to run around them, at times isolating 
the cribriform-crista galli complex so that 
at operation it may be found tipped to one 
or the other side and is often movable. 

In 1 patient (Case 14) trivial trauma was 
followed by rhinorrhea which persisted for 
7 weeks and was found to be associated with 
a small osteoma of the ethmoid labyrinth 
roof. The fistula was closed with an intra- 
dural graft of fascia lata, and there had 
been no recurrence 18 months later. This 
association between ethmoid osteoma and 
cerebrospinal fluid rhinorrhea has been 
noted before by Cushing and by Kessel. The 
efficacy of a suitably placed graft in both 
these instances suggests strongly that the 
fistulous communication in the first was 
through the perforations of the cribriform 
plate and in the second, if not through the 
plate, then close by, in relation to the osteoma. 


NEGATIVE EXPLORATIONS 


A history of trivial injury only was ob- 
tained in 1 instance (Case 8). This patient 
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was a middle aged woman who had had 
recurrent attacks of rhinorrhea and menin- 
gitis over the preceding 4 years but after the 
cribriform plates were patched with fascia 
lata she was free of symptoms up to the time 
of writing 12 months later. Attention has 
been drawn by Meredith to spontaneous 
rhinorrhea in middle aged women but the 
cause is quite unknown as is the microscopic 
appearance of the perforations in the plate 
in such a case. 

Of the remaining patients (Cases 1, 11, 
and 64) in whom no air sinus fracture was 
found in spite of a history of trauma, 1 had 
had rhinorrhea for a few days after injury, 
another for 3 weeks, and the third for 2 days 
before developing meningitis. All had fron- 
tal skull fractures but bilateral intradural 
exploration of the whole of the anterior fossa 
floor failed to reveal a dural tear. In 2 
patients (Cases 1 and 11) anosmia, which 
was considered to be due to the injury, was 
present before operation. Although tears 
were not discovered, the cribriform plates 
were covered with fascia after the olfactory 
bulbs had been avulsed from the grooves. 
Two patients did not have any return of 
symptoms (follow-up 6 months and 5% 
years) while 1 patient continued to leak 
fluid from the nose for 3 months. He died 4 
years later of an unrelated cause. 

There are 4 possible explanations for this 
failure to discover a tear: (1) The parting of 
the dural fibers may have been so slight as 
to escape detection. This might have been 
the explanation if the rhinorrhea had been 
present only for a day or so after injury, but 
it is less plausible when it persisted for 3 
weeks. (2) There may have been an unsus- 
pected petrous fracture involving the eusta- 
chian tube. Rhinorrhea from such a fracture 
is very unusual and has not been verified in 
this series; but it has been encountered by 
Ecker. McKenzie has met it on 1 occasion 
as a postoperative complication following 
removal of an acoustic neuroma. (3) The 
sleeves of arachnoid surrounding the olfac- 
tory nerve filaments may have been dis- 
rupted. It seems probable that this was the 
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cause of the fistula in the 2 cases in which 
there was no further escape of cerebrospinal 
fluid after the cribriform plates were patched. 
Experience with these cases and with Case 
8, mentioned earlier, suggests that the crib- 
riform plates should be patched with fascia 
on the few occasions when no evidence of 
dural tear is encountered after thorough 
bilateral inspection. (4) The leak may have 
had its origin in an undisclosed sphenoid 
sinus fracture. The last explanation seems 
the most likely in the case in which cerebro- 
spinal fluid rhinorrhea persisted after opera- 
tion. It may well be that a fracture lay 
beneath a tear in the anterior part of the 
diaphragma sellae or its attachment to the 
rim of the pituitary fossa and was invisible 
from a frontal approach. 

Lewin and Cairns (12) have drawn at- 
tention to the importance of searching for 
sphenoidal fractures. Of the 2 cases of sphe- 
noidal fracture in this series, 1 patient was 
not cured of recurrent rhinorrhea and 
meningitis until, at the fifth exploration, the 
fracture was discovered behind the tuber- 
culum sellae. 


PETROUS FRACTURES 


Reference to Table I will show that of the 
9 cases of petrous fracture associated with 
cerebrospinal fluid fistula, pneumocephalus, 
or meningitis, dural repairs were performed 
on 3 patients; on 4 patients craniotomy was 
not undertaken, while exploration of the 
middle cranial fossa failed to reveal a dural 
tear in 2 cases. Examination of this group 
shows that the danger of meningitis, both 
early and late, is considerable and that the 
appropriate attitude toward such injuries 
is suspicion and not complacency. A belief 
is prevalent that the consequences of dural 
tears in this region are not as serious as 
those in the anterior fossa and that they are, 
therefore, best left alone. Four patients 
developed meningitis, and in 1 patient (Case 
58) the meningitis was the cause of death. 
In 3 out of these 4 (Cases 58, 67, and 50) 
the meningitis was associated with otitis 
media. 





The connection between trauma and 
otitis media has received little attention jn 
the literature. In Case 50, a dural tear w.is 


_ known to be present because of otorrhea 


and pneumocephalus immediately after in- 
jury; 3 months later a purulent aural dis- 
charge appeared and was quickly followed 
by meningitis. There had been no ear dis- 
ease before the injury. A radical mastoidec- 
tomy was performed and since then the pa- 
tient has been well (3 years’ follow-up). 
The dural defect was not repaired. Case 67 
was a girl of 5 years who sustained a parietal 
fracture with involvement of the mastoid 
bone. Nine years later meningitis occurred 
1 day after the onset of acute otitis media 
and for this illness antibiotics were given 
which cured both the otitis media and the 
meningitis. This was the first occasion on 
which she had had infection of the ear. Six 
months later a temporal fossa craniotomy 
was undertaken when a defect 0.5 centime- 
ter in diameter was found in the tegmen 
tympani, and this defect was covered, as a 
prophylactic measure, with a patch of fascia 
lata. These 2 cases illustrate different chains 
of events. In the one (Case 50) chronic 
otitis media appeared to be the direct con- 
sequence of middle ear fracture with rup- 
ture of the tympanic membrane. This frac- 
ture in turn led to meningitis, which might 
not have been contracted had there not 
been a dural tear, the presence of which was 
disclosed by pneumocephalus at the time of 
injury. In the other (Case 67), the tympanic 
membrane had always been intact, and it is 
much less probable that the old petrous 
fracture bore any direct relationship to the 
attack of acute otitis media. However, once 
the middle ear was inflamed the infection 
quickly spread through the dural defect 
into the subarachnoid space. After injury 
Case 58 had an intermittent purulent aura! 
discharge between and preceding the recur- 
rent attacks of meningitis. The middle ea) 
was overlooked as the source of infectio1 
because a tantalum plate which had bee: 
inserted to cover a temporoparietal skul 
defect following the injury appeared to b 
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TABLE I.—PETROUS FRACTURES 


Case Presenting 

No. complication 

58 Recurrent meningitis 7 years after. Yes 
injury 

6 C.S.F. otorrhea 1 day after injury Yes 

67 Meningitis 9 years after injury Yes 

38 C.S.F., air, immediate No 

50 C.S.F., air, immediate, No 
(mastoidectomy) 

51 Air, 6 days after injury No 

53 Air, immediate No 


63 Meningitis, 2 days after injury 
68 C.S.F., immediate 


Repair 


Negative exploration 
Negative exploration. C.S.F. flow Well 


Follow- 
Result up 
Died—from meningitis contracted 
before repair undertaken 
Well 8 mos. 
Well 2 yrs. 
Well 2 yrs. 
Well 3 yrs. 
? — 
Well 9 yrs. 
Well 4 mos. 
6 mos. 


continued for 2 weeks. Meatus 


damp for 2 months 


the origin of the infection; the plate had 
received a number of blows. The man died 
from the late effects of a severe basal puru- 
lent meningitis which had become estab- 
lished before the defect through the tegmen 
tympani was finally identified and patched 
with fascia lata. 

Dural tearing in the middle fossa in Cases 
63 and 68 was not discovered at operation; 
presumably the defects were below the 
tentorium in the posterior fossa. In Case 63 
a seventh nerve palsy and an ill-defined 
fracture seen roentgenographically passing 
through the petrous apex, in the absence of 
cerebrospinal otorrhea, were taken to indi- 
cate the side of dural tear. However, it is 
possible that infection entered by way of an 
undetected tear over the opposite petrous 
bone or in the anterior cranial fossa. In each 
case the middle fossa alone was explored 
because it was assumed that since the teg- 
men tympani was thin, and therefore vul- 
nerable to injury, any fracture causing a 
fistula would be more likely to be found 
there than in the posterior fossa. Unfor- 
tunately, there is yet no preoperative in- 
vestigation that will accurately demonstrate 
the site of fistula and often, as in anterior 
fossa fractures, the exact whereabouts of the 
fistula is a matter for conjecture until it has 
been exposed. 


RESULTS OF DURAL REPAIR 


Dural repair was performed in 48 cases. 
P: olonged postoperative observation has not 
been possible in every case. In 20 cases the 
follow-up period was from 3 months to 1 





year, in 5 cases from 1 to 2 years, in 5 cases 
from 2 to 3 years, in 6 cases from 3 to 4 
years, in 6 cases from 4 to 5 years, in 3 cases 
from 5 to 6 years, in 1 case from 6 to 7 years, 
in 1 case from 7 to 8 years, and in 1 case 
from 10 to 11 years. Multiple procedures 
(in 1 case as many as 5) were required in 6 
patients with anterior fossa fractures before 
the dural defects were finally closed. In 
each of the 6 cases, the imperfection of the 
repair was immediately betrayed by per- 
sistent cerebrospinal fluid rhinorrhea. ‘There 
were no operative deaths. 

Of the 48 patients in whom a dural de- 
fect was found and repaired (including 
those requiring more than 1 procedure), 45 
showed by the absence of further cerebro- 
spinal fluid fistula, pneumocephalus, or 
meningitis that the repair had been effec- 
tive. The 3 remaining patients died (Table 
II). One patient (Case 28) had suffered a 
through-and-through gunshot wound of the 
left orbit and frontal region and had lost the 
left eye. Dural repair had been performed 
1 month after wounding. He died 2 years 
later, 1 week after the development of 
proved purulent orbital cellulitis. The cir- 
cumstances of his death are obscure but it is 
likely that the orbital cellulitis was compli- 


TABLE II.—PERSISTING COMPLICATIONS IN 3 CASES 
AFTER DURAL REPAIR OF 48 PATIENTS 


Case 
No. Death 


28 2 yrs. later 


Complications Postmortem 


Orbital osteomyelitis, No postmortem 


meningitis 

58 4mos. later Effects of meningitis, Postmortem 
dura repaired held 

65 8dayslater Meningitis, inadequate Postmortem 
repair held 
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cated by intracranial suppuration and men- 
ingitis which presumably was due to in- 
adequate débridement at the time of opera- 
tion with resulting orbital osteomyelitis. No 
postmortem examination was held. During 
the 2 years between injury and death he did 
not have any clinical sign of dural defect 
but he was left with a lacrimal fistula. Case 
58 has already been discussed. This man 
had 2 attacks of meningitis in the eighth 
year after a severe petroparietal fracture. 
The dural defect, which coincided with a 
bony defect in the tegmen tympani, was 
first discovered 2 days after the second 
(pneumococcal) attack of meningitis had 
become established. The defect was repaired 
and the meningitis brought under control 
but after spending 4 months in a state of 
stupor he died. Postmortem examination 
showed that the fascial graft had effectively 
sealed the defect in the tegmen tympani 
but that death was due to multiple small 
infarcts in the brain stem. The third patient 
(Case 65) died 3 weeks after a fascial patch 
had been laid over extensive ethmoidal 
dural defects from an injury sustained on 
the day of operation. Postmortem examina- 
tion showed that the cause of death was a 
purulent meningitis and that the fascial 
graft had been imperfectly applied. A de- 
fect in the roof of the posterior ethmoidal 
air cells remained uncovered. The 3 cases of 
anterior fossa injury and the 2 of petrous 
injury in which no dural tears were found at 
operation have been followed respectively 
for 51% years, 4 years, and 8 months, and 
for 4 months and 6 months. There have 
been no further symptoms in any of these 
patients, although the otorrhea in 1 patient 
with petrous injury persisted in diminishing 
amount for 2 months. 


ROENTGENOLOGIC CONSIDERATIONS OF PNEU- 
MOCEPHALUS 


In the foregoing, no distinction has been 
made between pneumocephalus and cere- 
brospinal fluid fistula since they are both 
manifestations of the same underlying path- 
ologic state. However, experience with 25 


cases in this series in which intracranial air 
was present affords the opportunity to make 
some observations on this condition. ‘The 
revelation of air in the head by roentgen- 
ography is startling and unusual enough for 
it to receive considerable attention in the 
literature, and hardly a year has passed 
without at least 1 report appearing in the 
medical press since Luckett, in 1913, first 
described the roentgenologic appearance of 
air in the ventricles of the brain following a 
fracture of the skull. Jelsma and Moore’s 
bibliography on the subject is complete. 
The anterior cranial fossa floor is notori- 
ously difficult to demonstrate roentgenologi- 
cally. The bone is so thin and its architec- 
ture so complicated that small fractures and 
sometimes large ones are not revealed. The 
routine skull views, lateral, posteroanterior, 
and Towne are of little value. Basal views 
and the stereoscopic views of the anterior 
fossa floor described by Johnson and Dutt 
are sometimes valuable. They may, how- 
ever, fail to give the desired information. 
We have not used tomograms routinely; in 
those cases, admittedly few, in which they 
have been employed they were not found 
superior to Johnson’s views. When direct 
roentgenologic evidence of fracture is lack- 
ing, indirect evidence may be important: 
for example, fracture lines running down 
from the frontal area and then becoming 
‘lost’? in the anterior fossa; orbital roof 
fractures; opaque air sinuses; and frontal or 
facial push-in type of fracture. All these 
findings draw attention to the floor of the 
fossa. Wollin first reported to us the impor- 
tance of the brow-up lateral projection 
which should be taken routinely in all cases 
of head injury. When the sphenoidal air 
sinus is fractured an air-fluid level may be 
demonstrated (Fig. 1). The fluid shadow 
may be caused by blood alone or by cere- 
brospinal fluid. In 2 cases in this series 
cerebrospinal fluid has been responsible for 
the appearance; it has been seen in another 
case in which the shadow was shown at post 
mortem to be due to blood in the sphenoida! 
sinus, the dura being intact. 
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Pneumocephalus itself is the most impor- 
tant and conclusive roentgenologic evidence 
of dural tearing. Eaglesham, reviewing 22 
cases of his own, describes in detail the roent- 
genologic features of the condition. He 
stresses the importance of stereoscopic views, 
an observation which is amply supported by 
our own experience. The region of the sella 
turcica deserves special scrutiny in the lateral 
views. The interpeduncular and chiasmatic 
cisterns are often the site of trapped sub- 
arachnoid air (Fig. 2), and 1 or 2 bubbles in 
these situations are easily overlooked. The 
bubbles may even be almost invisible unless 
viewed stereoscopically. The air may reach 
this site from any of the paranasal sinuses or 
from the petrous bone. In contrast to the 
suggestion of Lewin and Cairns that air in 
this situation is likely to have entered the 
cranial cavity from a sphenoidal sinus frac- 
ture, we have seen air in this site alone on 5 
occasions in which the portal of entry was 
other than the sphenoidal sinus. Figure 1 
also shows air posterior to the pituitary 
body, within the sella. This must be quite 
exceptional for it has not been encountered 
elsewhere in this series nor in the literature. 
Figure 3 illustrates a thin layer of air in the 
subdural space alongside the falx. In 3 
cases, the air was visible only in the antero- 
posterior or Towne views while it was in- 
visible in the lateral pictures because of the 
thinness of the air layer. 


TECHNIQUE 

The principles of surgical technique 
which have evolved from this series may be 
enumerated: 

1. In anterior fossa fractures a bilateral 
bone flap should be turned through a coro- 
nal incision. 

2. Exploration in anterior fossa and pet- 
rous fractures should be intradural. In re- 
cent injuries of the inner wall of the frontal 
sinus it may be convenient as the operation 
proceeds to approach the dural tear extra- 
curally as well as intradurally; but, espe- 
cially in long-standing injuries, it is almost 
impossible not to manufacture dural tears 
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Fic. 1. Lateral brow-up view in a case of sphenoidal 
sinus fracture. There is an air fluid level in the sinus, and 
air can be seen within the pituitary fossa behind the 
pituitary body. 


while exploring the ethmoid region extra- 
duraliy, and it may then be difficult to dis- 
tinguish an operative tear from one resulting 
from fracture. Further, the whole anterior 
fossa floor can be inspected adequately only 
through an intradural exploration. Finally, 
fascial repair is most simply and effectively 
achieved intradurally. 

3. So long as the sheet of tissue used for 
grafting is everywhere intact and large 
enough to provide an ample covering for the 
defect it does not matter whether pericra- 
nium, temporalis fascia, or fascia lata is 
used. Fascia lata has the advantage of 
greater thickness and of being available in a 
large, intact piece. 

4. In dealing with the grossly comminuted 
frontal sinus immediately after injury, the 
mucosa should be preserved so long as 
drainage is possible through the frontonasal 
duct. The traumatic defect into the sinus, 
however, is sealed with a fascial patch. 

5. Avulsion of the olfactory bulbs is often 
necessary in anterior fossa fractures to achieve 
adequate inspection as well as repair. Every 
effort is made not to avulse both bulbs 
unless the sense of smell is already lost. 
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Fic. 2. Air in the interpeduncular and chiasmatic 
cisterns. Fractures of any of the pneumatized bones of 
the cranial floor may produce this roentgenographic 
appearance. 


6. When the main force of the blow is 
taken by the face rather than the forehead 
the block of bone formed by the maxillas, 
nose, and ethmoids may be pushed back- 
ward with disruption of the ethmoid roofs or 
sphenoid sinus. There may not be any frac- 
ture of the skull vault. In a highly depart- 
mentalized hospital, a patient with such an 
injury may be treated on the plastic surgical 
unit where the intracranial component of 
the injury may not be recognized; or, if 
recognized, it may not be regarded with the 
seriousness it deserves. Similarly, the neuro- 
surgeon is not competent to deal with the 
intricacies of complicated facial injuries. 
Close co-operation between the neurologic 
and plastic surgeons, therefore, becomes a 
necessity. In a series of 30 facial injuries pre- 
senting primarily as faciomaxillary or plastic 
problems, Robertson has found that about 
60 per cent required intracranial repair of 
the anterior fossa floor. 


DISCUSSION 


Should operation be undertaken in the presence 
of meningitis? If meningitis cannot rapidly be 


brought under control by antibiotic thers py, 
operation should be performed to seal off the 
connection between the subarachnoid s}) ice 
and the exterior. This rule applies whe: her 
the meningitis is immediate, delayed. or 
late. Stewart and Botterell’s insistence that 
meningitis, far from contraindicating opcra- 
tion, often demands that active surgical steps 
be taken to prevent repeated inoculation of 
the cerebrospinal fluid spaces has been am- 
ply supported by a number of cases in this 
series. Furthermore, in no instance has a 
graft introduced in the presence of infection 
and during antibiotic therapy made matters 
worse by itself becoming a focus of bacterial 
growth. 

Should dural repair be undertaken at primary 
debridement? There is no particular merit in 
delaying grafting in recent wounds until 
skin healing has taken place. When débride- 
ment is thorough, the presence of a graft 
does not increase the risk of wound infection. 
On the other hand, when grafting is inade- 
quate and a connection between the intra- 
cranial cavity and an air sinus remains, 
meningitis may supervene, the source of 
infection being not the graft but the in- 
fected, damaged, and disorganized sinus 
itself. In Case 65 (Table II) at postmor- 
tem examination the graft was seen to be 
healthy but the repair was inadequate. Case 
62, a through-and-through frontal gunshot 
wound, illustrates the same point. Menin- 
gitis supervened shortly after initial fascial 
repair of the anterior fossa floor done at the 
primary operation. At a second exploration 
a defect into an ethmoid air cell was found 
which had not been covered by the fascial 
graft. The graft itself appeared healthy. 
After further grafting there was no recur- 
rence of meningitis or cerebrospinal fluid 
leak (follow-up examination, 11% years). 
Had fascial repair been complete at the 
time of débridement it seems most unlikely 
that meningitis would later have super- 
vened. Therefore, if during primary dé- 
bridement of a comminuted compound 
frontal fracture a dural defect is discovered 
it should be repaired at once and not left tc a 











rl 








seond operation. Furthermore, an attempt 
should be made during débridement of a 
severe frontal wound to find the dural tear if 
it is suspected on roentgenologic grounds, 
even if the evidence of rhinorrhea and pneu- 
mocephalus is lacking. This should be done 
although exploration of the anterior cranial 
fossa floor is less easy immediately after 
wounding than it is after an interval. Extra- 
durally, there may be extensive disorganiza- 
tion of the anterior fossa floor, while intra- 
durally the view is obscured by the lacer- 
ated, bleeding, and edematous frontal 
lobes, most of which it may be desirable to 
preserve. When, owing to respiratory em- 
barrassment or cerebral edema, retraction 
of the frontal lobes can be accomplished 
only at the cost of further brain damage, 
inspection of the anterior fossa floor should 
be delayed until the brain resistance and 
swelling have subsided. 

Petrous fractures and otitis media. It has been 
seen that a fracture through the middle ear 
may give rise to chronic otitis media par- 
ticularly if the tympanic membrane is rup- 
tured. It has also been shown that menin- 
gitis may readily occur from acute or chron- 
ic Otitis media in the presence of a tear in 
the dura overlying the petrous bone. Al- 
though an illustrative case in this series is 
lacking, it can be assumed that a fracture 
that passes through a middle ear already the 
site of chronic otitis media is likely to trans- 
mit infection to the cerebrospinal fluid 
unless the dura is intact. The series of pet- 
rous fractures presented in this article is not 
large enough to allow a discussion of the 
relative merits of intracranial fascial repair 
and measures directed primarily at the 
source of infection in the middle ear; but it 
does seem clear that when dural tear and 
middle ear infection coexist active measures 
should be taken to remedy one or the other. 
It also follows that these patients cannot be 
properly treated unless close liaison between 
neurosurgeon and aural surgeon is assured. 

How do the results of conservative management 
compare with operative treatment? Dandy, in 
926, Taylor, in 1934, Cairns in 1937 and 
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Fic. 3. A layer of subdural air alongside the falx 
cerebri which was invisible in the lateral skull view. 


Calvert, Stewart and Botterell, and Lewin 
in the sulfonamide and antibiotic era! have, 
among others, said that surgical treatment 
by fascial repair is superior to dealing with 
the complications as they arise by other 
methods or by relying on the natural forma- 
tion of scar tissue to close the dural defect. 
Experience with this series supports the opin- 
ion of previous writers that surgical repair is 
necessary. After operative repair in 48 cases 
(Table II) there were 3 deaths, all due to 
meningitis; one contracted meningitis be- 
cause of inadequate repair, another because 
repair was undertaken too late, and a third 
from a chronic orbital osteomyelitis. On the 
other hand, what should be taken as a control 
group? Table III sets out the essential facts 
of the 12 cases in which no repair was at- 
tempted. Three patients were untraced after 
leaving the hospital. Three developed men- 
ingitis; one of these remained well after the 
source of infection, the ear, had been treated 
by radical mastoidectomy, while another 


1Jt is noted that with the advent of antibiotics the insistence on 
repair has grown rather than diminished. 
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TABLE III.—CASES TREATED WITHOUT DURAL REPAIR 


Case Time after 

No. Complication injury Duration 
ZT Meningitis 3% yrs. 
33 Air, rhinorrhea Immediate Transient 
37 Air Immediate Transient 
38 Air, otorrhea Immediate Transient 
39 Air, rhinorrhea Immediate Transient 
40 Air Immediate Transient 
43 Air; rhinorrhea; 3 wks. == 


meningitis, frontal 
abscess 


49 Air, rhinorrhea Immediate — 

50 Air Immediate Transient 

53 Air Immediate Unknown, less 
than 6 wks. 

54 Air, rhinorrhea Immediate 4 days 

66 Rhinorrhea mmediate 2 days 


died 31% years later from meningitis second- 
ary to the dural tear. In this group of 12 un- 
repaired cases there was 1 death. On the face 
of it, the superiority of surgical repair of the 
dural tear over repair by natural processes is 
not convincing. But in fact it is not possible to 
produce a proper group of controls—a 
group to which operative repair was studi- 
ously denied. Whatever opinions might be 
held on the value or lack of value of oper- 
ative repair, it cannot be delayed in pa- 
tients who have persistent or recurrent cere- 
brospinal fluid rhinorrhea, recurrent pneu- 
mocephalus, or recurrent attacks of menin- 
gitis. Indeed many patients in this series 
were operated upon for precisely those rea- 
sons. Thus, patients who for statistical pur- 
poses alone might have been treated con- 
servatively were removed from the ‘‘control”’ 
group by virtue of an operation that was 


considered necessary to cure their condition. . 


It is perhaps more informative to point out 
that the first sign of dural tear was menin- 
gitis alone in 6 cases (all of them several 
years after injury: 31%, 6, 7, and 9 [3 cases] 
years later), and in a further 13 cases menin- 
gitis was accompanied either by cerebro- 
spinal fluid fistula or pneumocephalus. 
Linell and Robinson collected 7 cases of 
fatal meningitis following basal skull frac- 
tures from their postmortem material and in 
3 of these cases the meningitis occurred 14, 
5, and 21% years after injury. Ténnis and 
Frowein state that of 23 patients in whom 


Fate Follow -up 
Died. Postmortem report chronic granula- 
tion tissue left frontal lobe 


Well 7M yrs 
Well on discharge from hospital None 
Well 2 yrs 
Well on discharge from hospital None 
Well 1 yr. 
Débridement. Excision of abscess. Well on None 


discharge from hospital 


Died of injury 8th day 


Three weeks later otorrhea, mastoiditis, 3 yrs. 
meningitis. Mastoidectomy. Well 

Well 9 yrs, 

Well 12 yrs. 

Well 9 mos. 


the onset of cerebrospinal fluid rhinorrhea 
or pneumocephalus was delayed, 10 de- 
veloped meningitis at the same time. 

Bilateral or unilateral anterior fossa explora- 
tion? As has been stated earlier, a bilateral 
bone flap is now favored so that intradural 
exploration of both anterior fossa floors can 
be undertaken. In the event of a dural defect 
not being found on the expected side the 
other side should be explored, particularly in 
the sphenoidal region, because the irregu- 
larity of the sphenoidal septum can deflect 
the flow of cerebrospinal fluid from one an- 
terior cranial fossa to the opposite nostril. 
But even when the expected lesion is found 
there may still be doubt that the opposite 
anterior fossa floor is entirely intact. Wheth- 
er or not in that case the opposite anterior 
fossa will be explored, either then or later, 
will depend upon a variety of considerations 
about which it is difficult to be dogmatic, 
such as the degree of brain tension, the 
strength of the evidence in favor of fracture, 
and dural tear. The important thing is to 
have a bilateral bone flap to begin with so 
that bilateral exploration can be under- 
taken if it is considered necessary. 

The role of scar tissue as an effective barrie 
against meningitis. It may be that dense sca: 
formation, when derived from dura and ex- 
tradural tissues (but not from brain) can ac! 
as an effective barrier in preventing organ- 
isms from entering the subarachnoid space 
It is contended, however, that such a barrie: 
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usually cannot form across the dural defect 
either because the funnel of arachnoid is 
insinuated into the defect or because there is 
no bed from which fibroblastic proliferation 
can arise, the cavity of an air sinus or the 
middle ear being present instead. Nor is 
bone itself always capable of excluding in- 
fection from the intracranial cavity as Linell 
and Robinson have shown. 

Diagnosis. Pneumocephalus is incontro- 
vertible evidence of dural rupture. Cerebro- 
spinal fluid from the nose or ear may be 
identified, if doubt as to its nature exists, by 
analysis of its sugar content (Lewin); this 
test is unreliable when, in. recent injuries, 
discharging cerebrospinal fluid is mixed with 
blood or serum. The relationship between 
meningitis and trauma, particularly when 
they are separated by many years, may be 
established only after searching inquiry. The 
anatomic site of the lesion in most instances 
of cerebrospinal fluid leak is disclosed by the 
orifice (nostril or auditory meatus) from 
which the cerebrospinal fluid escapes; but 
the normal eccentricity of the sphenoid 
septum may allow cerebrospinal fluid to 
escape from the nostril on the side opposite 
to the fracture, and in petrous fractures the 
fluid may come from the middle or posterior 
fossa. Careful roentgenologic studies may 
provide important information but the exact 
site of fracture and dural tear may not be 
known until exploration is undertaken. No 
reliable information can be gained from the 
duration or quantity of cerebrospinal fluid 
flow nor from the extent of pneumocephalus 
regarding the size of the dural defect; nor 
need the severity or triviality of these symp- 
toms bear any relation to the chance of 
meningitis developing immediately or a 
long time afterward. 

With rhinorrhea the sense of smell is 
usually lost on the side of the fistula; on the 
other hand anosmia may be present as a 
contrecoup manifestation of an occipital 
blow without fracture of the anterior fossa 
floor and without rhinorrhea. 

A dural tear associated with a fractured 
air sinus is most likely to give rise to symp- 
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toms at the time of injury or during the suc- 
ceeding month. When evidence of dural 
rupture is delayed for a year or more the 
presenting sign will probably be meningitis 
alone or accompanied by cerebrospinal 
fluid leak or pneumocephalus. In this series 
there were 7 cases in which the first evidence 
of dural rupture appeared from 6 months to 
9 years after injury and in every instance the 
sign was meningitis either alone (6 cases) or 
accompanied by pneumocephalus (1 case). 


SUMMARY AND CONCLUSIONS 


1. Sixty-five cases of dural tears associated 
with fractures of the paranasal air sinuses, 
the middle ear, and mastoid air cells are re- 
viewed with particular attention to treatment. 

2. Some features of the roentgenology of 
these fractures are discussed. 

3. When undoubted evidence exists of 
traumatic rupture of the dura in these situa- 
tions dural repair should be undertaken. 
This fact applies as well to dural tears asso- 
ciated with middle ear and mastoid fractures 
as it does to fractures of the anterior fossa. 
The risk attached to an exploratory crani- 
otomy is slight but the chance of a fulminat- 
ing meningitis developing sooner or later in 
the untreated case is considerable. 

4. Repair of torn dura with fascia lata is 
effective in preventing meningitis and in 
curing a cerebrospinal fluid fistula or pneu- 
mocephalus. 
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OBSERVATIONS ON PREVENTION AND TREATMENT OF 


GANGRENE OF THE EXTREMITIES IN 211 PATIENTS 


R. B. LYNN, M.D., F.R.C.S., Saskatoon, Canada, and 


M. MODLIN, M.B., F.R.C.S., Leeds, England 


WHEN AN EXTREMITY is deprived of its blood 
supply peripheral gangrene develops. If the 
deprivation of blood supply is slow, the limb 
free from edema and infection, and the sur- 
face area of the part large in relation to its 
volume, pure ischemic necrosis without pu- 
trefaction usually follows—dry gangrene. Con- 


- trariwise, if the arterial flow is abruptly ter- 


minated, if the limb is the seat of edema or 
venous obstruction, and if gangrene is super- 
imposed upon inflamed tissues, ischemic 
necrosis with putrefaction more commonly 
ensues—wet gangrene. While descriptive, the 
terms wet and dry gangrene are of little diag- 
nostic value, for neither form is strictly con- 
fined to a particular peripheral vascular 
disease or group of diseases. 

It may be thought that the subject of gan- 
grene of the extremities, or their digits, is 
not very involved. The diagnosis is self-evi- 
dent, and the treatment must ultimately be 
some form of amputation because gangre- 
nous tissue is dead and therefore useless to the 
body, for there are no degrees of deadness. 
The subject, however, is not closed for 2 
cases which may appear clinically similar 
may require different management and 
carry different prognoses. Because of this 
fact it was believed that our experience with 
over 200 cases of gangrene of the limbs from 
different causes might be worthy of docu- 
mentation. All patients were seen ascivilians; 
all came to some form of amputation or 
died without amputation being practicable. 


CAUSES OF GANGRENE 


Approximately 95 per cent of the circulat- 
ing blood is contained in the large arteries 
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and veins and only about 5 per cent is in the 
capillary bed at any one time. It is in the 
capillary bed, however, that failure to supply 
an adequate volume of oxygenated blood to 
and remove metabolites from the tissues re- 
sults in tissue death. Primary disease of the 
capillary bed leading to gangrene is uncom- 
mon; cold hemagglutination is an example. 
More commonly, failure of capillary blood 
flow is produced indirectly by narrowing or 
obliteration of the major arteries. Thus, al- 
though tissue ischemia due to failure of cap- 
illary exchange is, in the final analysis, the 
only cause of gangrene, this failure may be 
produced in many ways. We have classified 
these and the number of cases encountered 
in each group as follows: 


Trauma 
Lo A ee ee rere rere ter ie 15 
NE a as oon sic: b'a: widened Seid ward aes RIRE OR 2 
Infection 
SGU Was ndie dwcede steed wabawengenaes 2 
Le nee er ere er re 3 
Physical 
RMR 9 Raia She Cade Ke sade eas Keuee RaeeeeN 1 
| OT EEE CTO ee ee eee 11 
Sree Terr rer re ee rr a 
MMEMNN Ma did ece vidas sss'datactedecceeces ean 1 
PRRs. aja cacdwiey-asemecane oueac ew anes 0 
Symptomatic 
Thromboangiitis obliterans.................. 12 
SUMMING OMEMECse cus sc cctew sins sie aieede cas 6 
PION SBOETIRE 6 656 cco cc ccensecssance 11 
Atherosclerosis—senile................000ee 107 
init ck MMR di 66 vi et ord cadres erent 28* 
Thrombosis < bn EE CO ee y 
Metabolic—diabetic atherosclerosis........... 31 
BR ceccaacwasdsseeenscucedaasaes oaguas 1 
IONE NS 4. ceca csceicnededseudesuaedeness y 
MIO GUNEG sce caccsVecscccedamasdencouseuas 2 
211 


*Included in the 107 since all were atherosclerotics, 


Trauma. In peacetime, gangrene of a limb 
following trauma is uncommon, and is usu- 
ally the result of industrial or automobile 
accidents. Fourteen of the 17 patients in the 








present series lost 1 or more digits as a result 
of direct laceration of digital vessels in ma- 
chinery; 1 patient lost an arm. Two patients 
lost extremities as a result of indirect trauma. 
One of these followed the application of a 
plaster of paris cast for fracture of the tibia. 
The other loss was the result of an automo- 
bile accident in which a comminuted frac- 
ture of the ankle had been splinted for con- 
veyance to the hospital by rotation of the 
foot through 360 degrees. ‘This was only dis- 
covered when the patient’s boot, legging, 
and trouser leg were cut away on arrival at 
the hospital. 

Infection. Specific gangrene due to syphilis 
is rare, and we have never seen a case. Two 
patients developed gas gangrene; 1 in the 
arm following extensive trauma and the 
other in the leg as a complication of a pelvic 
abscess from a ruptured diverticulitis. In 
civilian practice gas gangrene is, and should 
be, rare. 

Nonspecific infection leading to loss of a 
limb has been encountered 3 times. One pa- 
tient lost a finger as a result of complicated 
pulp space infection; 1 patient lost an arm 
as a result of complicated Parona’s space 
infection, and we reviewed the case notes 
of a woman who had her arm amputated in 
order to control a synergistic spreading gan- 
grene of the skin which defied other treat- 
ment. 

Physical causes. Gangrene has followed the 
destructive effects of heat, cold, chemicals, 
and electricity upon the peripheral circula- 
tion on 15 occasions. Frostbite has accounted 
for 9 of these cases and immersion foot and 
cold hemagglutination have each been en- 
countered once. There are two common fac- 
tors in our cases of cold injury: the patients 
are either alcoholic, mentally deficient or 
unstable, or both. Each patient with frost- 
bite lost 1 or more fingers, 5 lost toes as well, 
and in 2 men, major amputations were nec- 
essary. Deep burns caused the loss of 1 limb 
as did deep electric burns of a linesman’s 
arm. Of the 2 patients who developed gan- 
grene as a result of chemicals, one followed 
the inadvertent intra-arterial injection of 
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pentothal, and the other followed a digital 
nerve block for treatment of a whitlow. We 
have not encountered gangrene following 
irradiation or the accidental use of carbolic 
acid dressings, although both have been 
reported. 

Symptomatic causes. ‘Thromboangiitis ob- 
literans.—Only 12 patients with Buerger’s 
disease came to amputation. They were all 
males with an average age of 37 years. The 
clinical features of this uncommon periph- 
eral vascular disease have been previously 
reported (3) and the findings in these cases 
were similar. Thromboangiitis is an occlusive 
vascular disease of young adult males, the 
clinical features of which are ischemia of a 
limb and its attendant complications. It is 
the commonest cause of gangrene of the up- 
per extremities. The natural course of the 
disease is marked by long periods of spon- 
taneous remission. Thromboangiitis is ex- 
ceedingly rare in women and nonsmokers. 
We have never encountered the condition 
in a nonsmoker and have seen only 3 cases 
in women all of which were proved histolog- 
ically. 

Raynaud’s disease.—Raynaud’s disease 
accounted for 6 cases of gangrene of the fin- 
gers. We have never seen gangrene of the 
toes in Raynaud’s disease. As has been re- 
ported previously, when nutritional changes 
or gangrene are present, there is always dig- 
ital artery obstruction (4). 

Embolism.—Embolism of peripheral ar- 
teries led to the loss of 11 lower extremities. 
The prognosis is most grave when the pop- 
liteal artery is occluded, as it was in 7 in- 
stances. Although the common femoral ar- 
tery is the commonest site of peripheral em- 
bolism its obstruction led to gangrene in only 
3 patients. Saddle embolism of the aorta fol- 
lowed by bilateral major amputation was 
seen once. The fibrillating left heart was the 
chief source of the embolus in contrast to the 
findings of Bell. 

Atherosclerosis.—Atherosclerosis of the 
senile type occurring in the nondiabetic sub- 
ject accounted for 107 cases of gangrene of 
the limbs, all legs. Senile or nondiabetic 

















atherosclerosis is 34 times more common in 
men than in women and leads to gangrene 
at an average age of 73 years unless the onset 
is by acute arterial thrombosis, as it was in 
28 patients, when the average age falls to 67 
years. The right and left limbs were equally 
involved and calcification of the leg arteries 
was present in 77 per cent of the subjects. 
Sixty per cent of the patients were hyper- 
tensive (arbitrarily taken as above 150/95), 
15 had had a previous coronary occlusion, 
and 17 had had cerebrovascular accidents. 
Intermittent claudication preceded the onset 
of gangrene in only 36 patients; sepsis, ul- 
ceration, and rest pain were more frequent 
antecedents. The arterial obstruction was in 
the superficial femoral artery in 80 per cent 
of the patients; 5 per cent had obstructed 
aortas (Leriche syndrome). 

The sites of predilection for the onset of 
gangrene were the great toe in 42 cases, the 
fifth toe in 22 cases, and the second toe in 
15 cases, with the intervening toes, heel, 
dorsum of foot, and whole foot accounting 
for the remainder in diminishing order. 
Seventy-three patients came to major ampu- 
tation (11 bilateral); 8 had minor amputa- 
tions, and 26 died without amputation being 
performed. The over-all mortality rate in 
these 107 cases was 45 per cent. 

Thrombosis.—Thrombosis of major ves- 
sels accounted for 30 cases of gangrene. Two 
of these cases were the result of massive deep 
venous thrombosis, phlegmasia caerulea 
dolens. This condition is serious from a gen- 
eral point of view but usually responds to 
conservative measures and local amputa- 
tions as it did in our cases. 

Arterial thrombosis caused the remaining 
28 cases, all but 1 of which were based on 
pre-existing senile atherosclerosis. Men were 
involved twice as often as women at an 
average age of 67 years. The right leg was 
affected twice as often as the left. The re- 
maining findings were similar to those of 
senile atherosclerosis, except that 10 per 
cent fewer came to major amputation and 
the over-all mortality rate was 7 per cent 
lower. 
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Metabolic gangrene.—Metabolic gan- 
grene or gangrene complicating diabetic 
atherosclerosis was seen in 31 patients whose 
average age was 67 years. Twice as many 
women were affected as men, and the aver- 
age duration of diabetes was 8.6 years. The 
limbs were equally involved but vascular 
calcification was present in only 60 per cent. 
Sixty per cent were hypertensive (above 
150/95), but only 4 patients had had pre- 
vious coronary or cerebrovascular accidents. 
Intermittent claudication was a rare com- 
plaint (4 patients) whereas sepsis, ulceration, 
and rest pain were universal antecedents and 
were precipitated by trauma in one-third of 
the patients. The arterial obstruction was 
distal to the popliteal artery in 42 per cent 
of the patients and in the superficial femoral 
artery in 55 per cent, in contrast to senile 
atherosclerosis. The sites of predilection for 
gangrene, however, were similar—great toe, 
fifth toe, and intervening toes. It was more 
common in diabetes for several toes and for 
the sole of the foot to be involved. Seventeen 
patients came to major amputation, 55 per 
cent compared to 70 per cent in senile 
atherosclerosis; 8 had minor amputations 
and 6 patients died without treatment being 
possible. The over-all mortality rate was 33 
per cent. Thus, there are definite differences 
apparent between diabetic and senile athero- 
sclerosis. 

Ergotism.—Ergotism as a cause of digital 
gangrene has been seen only once in an un- 
married woman who had been taking ergot- 
amine tartrate for an undetermined period 
in an attempt to procure abortion. This pa- 
tient lost only the tips of several fingers. 
Ergotism from rye bread is rare but digital 
gangrene from indiscriminate therapeutic 
administration of ergot preparations has 
been documented. Fifty-five per cent of the 
recorded cases have occurred in obstetric 
practice. 

Neonatal.—Neonatal gangrene is rare, 
and we have seen only 2 cases. One of these 
newborn infants suffered from galactosuria 
and had gangrene localized to one foot. The 
other infant progressed to gangrene of both 











legs perhaps from uncontrolled thrombosis 
of the normally obliterating umbilical ves- 
sels. 

Trophic.—Trophic gangrene usually re- 
sults from infection developing in a neuro- 
pathic limb. We have seen this condition 
twice, once in a finger of a man with syrin- 
gomyelia and once in the leg of a Chinese 
tabetic. No vascular disease could be found 
on examination of the amputated members 
which were grossly infected and gangrenous, 
but quite painless. 


GENERAL OBSERVATIONS 


All of the 211 patients presented suffered 
from established gangrene, and those who 
did not die from their disease came to ampu- 
tation. Such an outcome is inevitable since 
gangrenous tissue is dead and of no use to 
the body. One hundred and nineteen pa- 
tients had major amputations and 57 had 
amputations of 1 or more fingers or toes. 
The highest digit loss occurred from frost- 
bite; 9 patients lost a total of 98 fingers and 
toes. Twenty of the 211 patients progressed 
to loss of both lower limbs. The majority of 
amputations are the result of atherosclerotic 
gangrene and will probably increase with the 
life span of our population. 

The differences between senile and dia- 
betic atherosclerosis have received much 
attention. Although our groups were small 
they support the findings of others; first, that 
diabetic gangrene is more frequent in wom- 
en; secondly, that it attacks about 10 years 
earlier than senile atherosclerosis; thirdly, 
that it is more likely to be amenable to local 
amputation, probably because the arterial 
obstruction is more commonly distal; fourth- 
ly, that infection, sepsis, and ulceration are 
more frequent precursors than intermittent 
claudication. Generally speaking, the pre- 
vention and management of gangrene in 
senile and diabetic atherosclerosis differ little 
except that the control of the diabetic state 
is paramount in the latter. 

Calcification of the blood vessels of the 
limbs is not uncommon, being present in 77 
per cent of patients with senile atheroscler- 
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osis. Its presence, however, does not neces- 
sarily imply more advanced arterial obstruc- 
tion than its absence. 


PREVENTION OF GANGRENE 


Gangrene of the extremities resulting 
from trauma depends upon better safeguards 
for the industrial worker and _ increased 
awareness of the public of the hazards of the 
automobile. Although the dissemination of 
this knowledge may be the responsibility of 
the Public Health authorities and the Gov- 
ernment, this fact does not absolve the med- 
ical profession from playing an active part 
in this increasing problem. 

Infection, particularly gas gangrene, is on 
the decrease as a cause of gangrene and will 
remain so, so long as the medical profession 
uses antibiotics intelligently. From the rate 
at which antibiotic drug resistance is being 
reported, it is not certain that all doctors are 
aware of their grave responsibility in the use 
of the drugs which science has made avail- 
able to them. 

Physical causes of gangrene will always be 
present in small numbers. Exposure to the 
elementscannot be avoided but proper prep- 
aration for that exposure will reduce the 
number and severity of frostbitten limbs. 
Unfortunately, all of our patients have either 
been alcoholics, mental deficients, or both 
and these factors are almost impossible to 
control. 

The symptomatic group of gangrenes con- 
sist in the main of obliterative vascular diseases 
and to these we must devote considerable 
attention, for one of the rewards of longevity 
is a failing cardiovascular system. It is un- 
fortunate that the beginning of gangrene is 
not heralded as noisily as an attack of renal 
colic, for if it were the end results would be 
better and fewer people would be treated for 
fallen arches, arthritis, and rheumatism 
while circulatory compensation in their 
limbs fails. Except in trauma, physical 
causes, and acute embolism, there is nearly 
always clinical evidence of an impaired cir- 
culation prior to the development of overt 
gangrene. The prevention of gangrene in a 
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limb may be discussed under two main 
headings. 

Avoidance of precipitating factors. Minor 
trauma, infection, and temperature changes 
increase the demands of the tissues beyond 
the ability of the circulation to supply them. 
Thus the best way of preventing the develop- 
ment of gangrene in the limbs is to make 
the patient ‘“‘foot conscious.” Well fitting 
shoes to avoid blisters, warm wool socks to 
keep the feet warm and so prevent excessive 
peripheral vasoconstriction, and the avoid- 
ance of hot-water bottles and heating pads 
must be emphasized. Care in paring corns 
and trimming toenails is important. The 
feet must be washed every day in tepid water, 
carefully dried with a soft towel, and kept 
dry by the application of alcohol and powder. 

These local measures can be reinforced by 
total abstinence from tobacco. The delete- 
rious effects of smoking upon the peripheral 
circulation are common knowledge and the 
seemingly specific effects of cigarettes upon 
the subject with Buerger’s disease are well 
known (3). Every patient with peripheral 
vascular disease must stop smoking. 

The prompt treatment of local infections 
by foot soaks and the systemic and local ap- 
plication of antibiotics will save many a 
limb. The blunderbuss drug attack is only 
to be deprecated. The antibiotic to be used 
will depend upon the result of cultures and 
sensitivity reports from exudate taken from 
the site of infection. The exhibition of the 
appropriate antibiotic follows the bacteri- 
ology. We have never given these drugs 
intra-arterially and can see no valid reason 
for doing so. The best foot soaks are the 
simplest ones—saline, half-strength eusol, 
Dakin’s solution. The whole foot is put in 
the bath for 20 minutes every 4 to 6 hours, 
then removed, carefully dried, and wrapped 
in a sterile towel. Topical antibiotics, if in- 
dicated, are applied just before wrapping in 
the towel. The limb is left exposed under a 
cradle. Most ischemic infected limbs are 
painful. This rest pain is most severe at night 
so that adequate sleep and freedom from 
pain must be ensured by the use of sedatives 
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and analgesics. Alcohol in the form of whisky 
is of value in such instances (infra). By these 
measures many amputations will be avoided. 

Development of the collateral circulation. There 
is only one way of assisting nature to develop 
an adequate collateral circulation and that 
is by sympathetic denervation of the affected 
limb or limbs. Vasodilating drugs are of 
little benefit, warrant their number, and 
indeed may be harmful because the general- 
ized vasodilatation they produce may actu- 
ally divert blood to other parts of the body. 
The only medical measures of value in the 
management of pregangrene are the ade- 
quate control of diabetes, the abstinence 
from smoking, and the moderate use of alco- 
hol. The vasodilating effects of alcohol are 
of some value, but its soporific effects are 
eminently beneficial, and we use the drug 
chiefly for this reason. 

By the measures already outlined, partic- 
ularly sympathectomy, circulatory compen- 
sation in a limb may be enhanced and nutri- 
tion improved so that amputation can be 
delayed, or, in fact, avoided completely. 
Should amputation become necessary, less 
radical procedures may be possible. All one’s 
efforts must be directed toward the preven- 
tion of gangrene by education of the patient 
and by the development of a good collateral 
circulation. As Finney said “anybody can 
amputate a leg, but it takes a good surgeon 
to save one.” 


TREATMENT OF GANGRENE 


Once gangrene is established, amputation 
in some form is inevitable. The amputation 
must be as high as is compatible with heal- 
ing by first intention, but as low as possible. 
This is most important in the elderly patient, 
not only for psychologic and mechanical 
reasons, but particularly since the higher 
the level of amputation the higher is the 
mortality rate of surgery. Four levels of 
amputation are in general use: toe, trans- 
metatarsal, below knee, and low thigh. The 
techniques of these operations are standard, 
and we will discuss only the indications for 
each measure as we see them. 








Toe. Amputation of a single toe or finger 
is justified when gangrene is localized to the 
toe, well demarcated, and not spreading. 
Every effort must be made to control infec- 
tion so that a closed amputation can be 
safely performed. Occasionally, and partic- 
ularly in diabetes, some spread can be ig- 
nored and then the toe is filletted to include 
the head of the metatarsal. This is most 
suitable to the first and fifth toes. If disartic- 
ulation is done, then the cartilage of the 
metatarsal head should be rongeured away, 
otherwise sequestration of the cartilage may 
develop. We never close these incisions with 
more than 1 or 2 interrupted stitches. 

When doubt exists about healing and 
other investigations indicate that sympa- 
thetic denervation of the part may be bene- 
ficial, we combine sympathectomy with local 
amputation. ‘These procedures must be done 
simultaneously since maximal blood flow 
after sympathectomy occurs in the first 3 to 
5 days (2), when the healing processes are 
most active. The combination of sympathec- 
tomy and local amputation is most likely to 
succeed when one or more pulses are present 
at the ankle, less likely to succeed when the 
popliteal artery alone is palpable, and least 
likely to succeed when only the femoral ar- 
tery is patent. 

Transmetatarsal. When more than 2 toes 
are gangrenous, transmetatarsal amputation 
is the procedure of choice. Again gangrene 
well demarcated to the toes with no, or 
minimal, extension to the foot and controlled 
infection will give the best results. Lumbar 
sympathectomy done simultaneously will in- 
crease the number of successful results. There 
is no way of accurately predicting the result 
of transmetatarsal amputation but little is 
lost by attempting the procedure since it is 
the only major amputation after which an 
amputee can walk without the need of 
crutches or a prosthesis. We have had the 
most success with transmetatarsal amputa- 
tions in the diabetic patient and those with 
gangrene after acute arterial thrombosis. 

Below knee. With better control of infec- 
tion, more liberal use of simultaneous sym- 
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pathectomy, and improved operative tech- 
niques, amputation through the upper third 
of the leg, once warned against, is now in- 
creasingly successful and has supplanted the 
classical supracondylar amputation in the 
treatment of gangrene of the foot. We use it 
when transmetatarsal amputation is con- 
traindicated, or has failed, and when gan- 
grene is spreading or involves the heel or the 
dorsum of the foot, or when uncontrollable 
infection of the foot or ankle is present. This 
procedure is most likely to be successful 
when the popliteal pulse is palpable. We 
find that femoral arteriography is an aid in 
deciding whether a below knee amputation 
will succeed. If there are collateral vessels 
going below the knee primary healing is 
almost certain. The operation is more easily 
and rapidly executed and less traumatic 
than an above knee amputation. It carries 
a low mortality rate and, of prime impor- 
tance in the elderly, it preserves the knee 
joint and so favors rehabilitation. 

Above knee. Once the major amputation of 
choice in peripheral gangrene of the leg, 
amputation through the lower third of the 
thigh is less frequently performed now. It 
accounted, however, for 75 per cent of the 
major amputations in our series and carried 
a mortality rate of 18 per cent. When the 
femoral pulse is absent amputation at this 
level is mandatory. In gangrene following 
embolism or acute thrombosis of the femoral 
artery, low thigh amputation is often neces- 
sary because the arterial occlusion has been 
so abrupt that an adequate collateral circu- 
lation has not developed in time to preserve 
the life of the limb. Unless an energetic 
limb fitting service is available very few 
elderly patients will master an above knee 
prosthesis. 


SUMMARY 


A simple classification of the causes of 
gangrene based on a personal experience of 
211 cases has been presented. Some observa- 
tions on the prevention and treatment of 
gangrene of the limbs have been made. With 
better control of infection, simultaneous 
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RESULTS OF TREATMENT OF CANCER OF THE BREAST 


T. A. WATSON, M.B., Ch.B., D.M.R., Saskatoon, Canada 


THERE IS LITTLE AGREEMENT as to the best 
management of breast cancer. The old estab- 
lished regime of radical mastectomy, either 
alone or in conjunction with radiation ther- 
apy is being challenged from several direc- 
tions. Park and Lees doubt that treatment 
improves the chance of 5 year survival by 
more than 5 or 10 per cent. McKinnon 
argues from death statistics data that treat- 
ment of any kind is unsuccessful in influenc- 
ing the course of the disease. Wangensteen 
thinks that the ‘‘radical’’ mastectomy is not 
radical enough. McWhirter claims that su- 
perior results are obtained with simple mas- 
tectomy followed by x-ray therapy. These 
arguments revolve almost entirely around 
the treatment of the so-called ‘‘operable”’ 
cases. Since the definition of ‘‘operability”’ 
varies from one center to another, and even 
at times from one surgeon to another in the 
same center, results of different methods of 
treatment on operable cases are difficult to 
compare. 

The same argument applies to results pub- 
lished on the basis of staging. Even if the 
criteria of staging were uniform everywhere, 
differences in interpretation and individual 
bias would make comparisons of little value. 
McWhirter (16) has pointed out that the 
effect of selection of cases becomes minimal 
when the presentation of results is based on 
all cases observed at a hospital or institution, 
whether the patients are admitted to beds 
or not, or whether they are treated or not. 
There is still an element of involuntary pre- 
selection in this method, however, in that 
some hospitals tend to attract, because of 
their policies or staff, earlier or later cases on 
the average than others. Hence results, even 
if the treatment in general is similar and 


The figures presented in this paper were produced with the 
active co-operation of Dr. M. Acker, Director of Research and 
Statistics, Department of Public Health, Saskatchewan. 





equivalent in quality, will differ. According 
to McWhirter (16) this difficulty should be 
overcome when all cases of cancer of the 
breast occurring in a certain geographic 
area are reported. He, accordingly, claims 
that his figures are representative of nearly 
all cases occurring in southeast Scotland. 

Since 1932 the Saskatchewan Cancer 
Commission has operated 2 clinics in Sas- 
katchewan, 1 at Regina and 1 at Saskatoon. 
Patients have been referred to these diag- 
nostic and treatment clinics, by physicians 
who so desired, in increasing numbers since 
that time. In 1944 diagnosis and treatment 
of cancer through these clinics were made 
free to residents of the province. The num- 
ber of cancer patients admitted annually 
since that time showed a sudden increase 
over previous years, and it has been demon- 
strated that over 85 per cent of all cases of 
cancer occurring in Saskatchewan are now 
referred to one or other of these clinics (24). 

Because of the change in administrative 
policy in 1944, with a resultant increased 
admission of cases, it has been thought rea- 
sonable, in the study of cancer of the breast, 
to divide the patients into two groups, ac- 
cording to date of admission to a clinic. The 
division, naturally, then falls into the pe- 
riods from 1932 to 1943 and from 1944 to 
1949. Furthermore, although radiation ther- 
apy was centralized throughout, surgery 
was in general performed by the patient’s 
own doctor in the first period, whereas in 
the second period breast surgery was prac- 
tically confined to surgeons in the two cities 
of Saskatoon and Regina. 

McWhirter (16) has shown graphically 
that, in the period during which he reported 
results of treatment of cancer of the breast, 
nearly all the recorded deaths from cancer 
of the breast in southeastern Scotland occur- 
red in patients who had been referred to the 








he OR" oO-—m™o ® 5 


— 
ae fon 


Loe j 





Watson: RESULTS OF TREATMENT OF CANCER OF BREAST 107 


Edinburgh Royal Infirmary. He deduced 
from these data that all or nearly all cases of 
breast cancer were then being referred to 
the Royal Infirmary, and that the results he 
presented were, therefore, based on unse- 
lected cases. Figure 1 is a graph showing the 
number of deaths from cancer of the breast 
in Saskatchewan recorded for the period 
from 1944 to 1954, and indicating that 
nearly all these deaths occurred in patients 
admitted to a cancer clinic. This graph is 
constructed according to that of McWhirter 
(16) and demonstrates that a higher per- 
centage of patients dying from cancer of the 
breast in Saskatchewan were admitted to 
cancer Clinics in the years between 1944 and 
1949 than were referred from southeast 
Scotland to the Edinburgh Royal Infirmary 
in the period from 1941 to 1946. We, there- 
fore, believe that, as regards completeness of 
reporting, we can justifiably compare our 
figures, for all cases seen, with those from 
Edinburgh. 

Throughout this article the yardstick used 
for comparison of results from different 
methods of treatment, and with results from 
elsewhere, is the 5 year crude survival rate. 
It is contended that survival is the only 
practicable and entirely objective fact that 
can be used as an index of efficiency of 
treatment for analysis. Claims that patients 
are “‘free from disease” at 5 years are not 
demonstrable as facts, but rather as opinions, 
and therefore cannot be categorized statis- 
tically. Similarly, no allowance is made for 
patients who died in less than 5 years from 
causes other than cancer, or from causes un- 
known. These, as well as patients who were 
not followed for at least 5 years (lost sight 
of), are all considered as “‘dead from cancer.” 
The follow-up data are complete in 98.9 per 
cent of cases of the entire series, and in 99.3 
per cent for the period from 1944 to 1949. 

From 1932 to 1949, 1,664 patients with 
cancer of the breast were admitted to these 
clinics; 870 died in less than 5 years, 19 were 
lost to follow-up in less than 5 years, 775 
(46.6 per cent) are still alive. There could 
be no selection, since all patients seen were 
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Fic. 1. Graph showing number of deaths from cancer 
of the breast recorded in Saskatchewan for the period 
from 1944 to 1954. 


admitted. Of this number, 390 patients had 
been treated before admission, leaving 1,274 
new patients, previously untreated, for study. 
The 5 year survival rate in the 390 previ- 
ously treated patients (235 from 1932 to 
1943, and 155 from 1944 to 1949) is slightly 
higher than that for the 1,274 new patients, 
probably because: (1) some had been treated 
outside years before, and were sent to the 
clinic for follow-up examination; (2) some 
previously treated patients with grossly re- 
current disease were presumably not put to 
the trouble of referral; (3) previously treated 
patients moving to the province from else- 
where were likely to be well. The crude 5 
year survival of all cases reported from 1932 
to 1949 was 46.6 per cent. 

Of the 1,274 previously untreated patients 
with cancer of the breast admitted to the 
Saskatchewan Cancer Clinics between the 
years 1932 to 1949, 645 patients were ad- 
mitted in the period from 1932 to 1943, and 
629 in the period from 1944 to 1949. 


INFLUENCE OF PATHOLOGIC TYPE, GRADE, 
AND SITE ON SURVIVAL 


In Table I, the histopathology is summa- 
rized according to the suggested classification 
of the American Cancer Society (2). It will 
be seen that the type of cell has little effect 
on survival, except for duct carcinoma, in 
which survival is high, and anaplastic carci- 
noma, in which survival is low. It will be 





TABLE I.—INFLUENCE OF HISTOPATHOLOGY ON 
5 YEAR SURVIVAL 


Per cent 
No. of crude 5 year 


Histopathology cases survival rate 
Duct or comedo carcinoma or 

papillary carcinoma.............. 104 74.1 
Scirrhous adenocarcinoma.......... 149 38.5 
Carcinoma, simplex scirrhous........ 404 47.1 
Differentiated adenocarcinoma...... 319 45.2 
ee RN RSI 5 5.0155 5s wisi sid Sine 050 13 38.5 
Anaplastic adenocarcinoma......... 12 25.0 
ee er et or 36 44.4 
Pe MN i 5. 5. ciy aiodasiloeueienbos 237 21.1 
NN Sake dhescubsnusesnuesuers 1274 43.6 


~All previously untreated cases, 1932 to 1949, 


noted that in 237 patients there was no path- 
ologic proof of diagnosis. Most of these cases 
were advanced, as indicated by the poor 5 
year survival, 21.1 per cent. A few, however, 
were earlier cases and these patients were 
treated by radiotherapy, especially in the 
period from 1932 to 1943. Out of 629 cases 
in the period from 1944 to 1949, only 47 
were not proved pathologically, and in this 
group the crude 5 year survival rate was 21.3 
per cent. 

As may be expected, 5 year survival is un- 
favorably influenced by increasing grade 
(Table II). 

Table III shows that the survival rate is 
lower, in general, for inner half tumors of 
the breast. These results are presented ac- 


TABLE II.—INFLUENCE OF GRADE OF TUMOR ON 
5 YEAR SURVIVAL 


Per cent 
No. of crude 5 year 

Grade of malignancy cases survival 
ASR Boise un wine Caso casaause 21 90.4 
Lo | aA en eer rene ener ee 364 51.7 
OS eae enor Sere 103 38.9 
1 EEO Ae ee ae 9 11.1 
Lo: ene eer ees, 540 47.7 
DNOPRUOMORY oe sivincs chee chs 237 24.1 
CL SE a eae ery ee 1274 43.6 


All previously untreated cases, 1932 to 1949. 


TABLE III.—SURVIVAL BY SITE OF TUMOR 
Per cent 5 yr. survival. 








Site of tumor Group 7 Group 2 Group 3 
NE ics eae vi sbuseaagens 72.0 39.8 22.6 
ere See 66.9 34.1 25.9 
LOS RES SE ee eee ee 71.4 41.2 17.2 
Whole breast... 652. .40.5. 40.0 16.7 4.5 
Other and not stated........ 72.1 31.2 25.4 
RUNDE S i552 80's <Aoin sae 70.2 a7 19.9 


1274 previously untreated cases, 1932 to 1949, 
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cording to groups, which are subsequently 
described. If we consider, however, groups 
1 and 2 together, the survival (54 per cent) 
is the same for both inner and outer half 
tumors. 


TYPE OF TREATMENT 


In general, the policy has been radical 
mastectomy, in operable cases, followed by 
radiation therapy, particularly in the latter 
period. In the late thirties, x-ray or radium 
treatment was used to the exclusion of sur- 
gery for a few years, in one of the two clinics, 
but this policy was eventually abandoned. 
This tendency toward the placing of more 
reliance on radical mastectomy in operable 
cases is obvious in Tables IV and V, and 
from the results obtained would seem to have 
been justified. 

In any discussion of treatment it is essen- 
tial that comparisons of the efficiency of any 
particular methods are made only when the 
stages treated are comparable. If staging 
were uniform from one center to another, 
and if interpretation of staging were uniform, 
then the problem would be solved. Unfortu- 
nately, this state will never be achieved. Our 
method of staging is a modification of the 
Manchester method, but for the purposes of 
comparison with other published data, we 
have divided our cases into 3 broad groups. 
Group 1 includes all cases in which: (a) the 
growth is confined to the breast, (b) the skin 
is not involved (including ulceration) over an 
area larger than that covered by the actual 
tumor, (c) the tumor is not fixed to the chest 
wall, but may be fixed to the underlying 
muscle, and (d) there are no known second- 
ary nodes or distant metastases. Also in- 
cluded in this group are patients whose rec- 
ords are incomplete or inconclusive as to 
positive statements of violations of these cri- 
teria. Group 2 consists of all cases in which 
the primary growth is as stated for group 1, 
but in which secondary axillary nodes are 
present as well. Group 3 includes all remain- 
ing Cases. 

Groups 1 and 2 therefore include all cases 
which could be considered “operable” by 
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the most liberal interpretation of the word. 
In all cases in which radical mastectomy 
was performed patients were put into group 
1 or 2 only after the pathologist had re- 
ported invasion or otherwise of the axillary 
nodes. Those patients, who were treated by 
methods other than radical mastectomy, 
had to be assigned to a group on clinical 
information only. Tables IV and V show 
the distribution of types of treatment, with 
5 year survival results in groups 1 and 2, 
contrasting the two periods. It will be noted 
that in group 1 cases preoperative radiation 
was not used latterly. Postoperative radia- 
tion was used in group 1 cases from 1944 to 
1949 in over half those submitted to radical 
mastectomy because it was the routine in one 
clinic, and not in the other. As might be 
expected the addition of radiation treatment 
to radical surgery adds nothing to the 5 year 
survival figures in group 1. Simple mastec- 
tomy, either alone, or with radiotherapy 
yielded a comparable percentage of 5 year 
survivals, which is not remarkable since 
presumably the axillary nodes were not in- 
volved. The 5 year survival for radiation 
treated cases is about 50 per cent for group 
1 cases, which is hardly satisfactory. 

In the group 2 cases the results of radical 
mastectomy with postoperative radiation 
have been very satisfactory in recent years. 
Again, radiation alone gave poor results. 
From comparisons of the results in groups 1 
and 2 in the two different periods, it would 
appear that treatment has become more 
efficient in the latter period. This fact is 
particularly evident in the group in which 
axillary nodes were involved (Table VI). 


OVER-ALL RESULTS 


Table VI, containing the 5 year crude 
survival rate of all new, previously untreated 
patients seen, presents a comparison of the 
results of treatment for the two periods by 
each group. It will be noted that the sur- 
vival rate in the more recent period has im- 
proved in groups 1 and 2 but not in group 3. 

The figures for 1944 to 1949, the period 
in which almost complete coverage of all 
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TABLE IV.—RESULTS OF TREATMENT IN GROUP I 


CASES 
— 1932-1943. __.1944-1949___ 
Per cent Per cent 
5 year crude 5 year crude 
Method of treatment No. survival No. survival 
Radical mastectomy only. 5 60 75 78.6 
Radical mastectomy and 
preoperative radiation . 31 71.0 os a 
Radical mastectomy and 
postoperative radiation. 73 71.2 96 78.1 
Simple mastectomy...... 5 80 20 70 
Simple mastectomy and 
WRENS ictcccacawcs 29 79.3 19 57.9 
Radiation alone......... 57 52.6 5 40 
All remaining combin- 
ations of treatment or 
no treatment......... 19 63.2 12 50 
RE ainda cause cueida 219 66.6 227 73.5 





Previously untreated cases only. 


new cases occurring in the province was 
maintained, are compared with other pub- 
lished results in Table VII. The results from 
many large centers cannot be included, 
since their published results are of selected 
groups of cases. For instance, Lewison and 
associates from the Johns Hopkins Hospital, 
Baltimore, report results in 220 patients with 
carcinoma of the breast admitted to the hos- 
pital from 1935 to 1940 inclusive. All of 
these patients were treated surgically with 
a 5 year survival of 43.6 per cent. He ex- 
cludes 35 patients admitted to the hospital 
and not treated by surgery, and an indeter- 
minate number of outpatients with primary, 
recurrent, or metastatic breast cancer. 
Comparison of efficacy of treatment from 
center to center, even when complete statis- 


TABLE V.—RESULTS OF TREATMENT IN GROUP 2 


CASES 
—1932-1943__. __1944-1949__. 
Per cent Per cent 
5 year crude 5 year crude 
Method No. survival No. — survival 
Radical mastectomy only. 3 0 17 11.8 
Radical mastectomy and 
preoperative radiation. 44 38.6 10 20 
Radical mastectomy and 
postoperative radiation. 57 aa 207 47.3 
Simple mastectomy...... a a 3 0 
Simple mastectomy and 
TUNG 6 ode. cateek a 12 16.7 4 25 
Radiation alone......... 77 22.1 2 100 
All remaining treatments 
or no treatment....... 9 55.5 11 36.4 
Wee a ad ctv vasine 202 29.7 254 42.9 





Previously untreated cases only. 
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TABLE VI.—COMPARISON OF CRUDE SURVIVAL 
RATES FOR THE TWO PERIODS 


——1932-1943__. ——1944-1949___ 
Per cent Per cent 
5 year crude 5 year crude 


Group No. — survival rate’ No. survival rate 
Eva kesnwsesse ens 219 66.6 227 73.5 
E.ccnesssuenbas. 202 29.7 254 42.9 
ee 224 20.5 148 18.9 
SU cevioxcn see 645 39.1 629 48.3 





Previously untreated cases only. 


tics are available, is difficult because of the 
variations in the percentage of cases seen in 
different stages of the disease. Staging, more- 
over, is not uniform, and even when the 
same system is used, there will be differences 
in interpretation from one institution to 
another. The figures presented in Table VII, 
therefore, are hardly comparable. It is 
claimed, however, that the Saskatchewan 
figures, since they are obtained from almost 
all cases occurring in one geographic area, 
may fairly be compared with those of 
McWhirter (17) from southeastern Scotland 
on his own terms. Since the general policy in 
Saskatchewan in operable cases is radical 
mastectomy with or without postoperative 
radiation, it would seem that results ob- 
tained are superior to those of McWhirter 
with his routine of simple mastectomy and 
postoperative radiation. 


INFLUENCE OF TREATMENT ON THE COURSE OF 
THE DISEASE 


The value of treatment in carcinoma of 
the breast, either in the production of so- 
called “‘cure” or prolongation of life has 
been questioned for many years. It has been 
contended that all patients with cancer of 
the breast will die of the disease, whatever 
treatment they have, if they do not die from 
some other cause in the meantime; in other 
words, ‘‘cure”’ is not possible. 

It is undoubtedly true that some cases are 
incurable even when seen in the apparently 
earliest clinical stage. Presumably, in these 
cases, occult metastasis has already taken 
place by blood spread, and cure by present 
methods, directed only at the local disease, 
is hopeless. Breast cancer is a disease which 


may progress at any rate, and recurrences or 
metastases are not uncommon after 5 or 10 
years—and occasionally after as many as 30 
years. Hence a 5 year survival rate can in no 
sense be interpreted as an indication of a 
cure rate, but it can surely be used as a basis 
for comparison of results of treatment or 
lack of treatment. Daland has reported on 
the survival of 100 untreated cases of cancer 
of the breast. Presumably many of these 
were late, but he states that 23 of them were 
operable, and 23 inoperable when first ex- 
amined. The general condition of 3 patients 
did not allow operation. The records of the 
remaining 51 cases were apparently not 
complete enough to assess their operability. 
Of these 100 patients, 22 survived 5 ‘years, 
as calculated from the estimated onset of 
their symptoms—not from the date of diag- 
nosis. Since the average delay in 76 of the 
cases in which information was available was 
18.3 months, the 5 year survival from the 
date of diagnosis (which is roughly equiva- 
lent to the date of treatment, in any treated 
series) would be of the order of 15 per cent, 
as judged from Daland’s graph. 

Greenwood from a study of 651 patients 
suffering from untreated cancer of the breast 
reported a 5 year survival rate of 16.1+per 
cent again calculated from date of onset of 
the disease until death. Nathanson and 
Welch reported a 5 year survival of 18 per 
cent in 100 cases (reading from the published 
graph). 

Park and Lees have concluded that: “It 
has not been proved that the survival rate of 
cancer of the breast, using the 5 year sur- 
vival rate as an index, is affected by treat- 
ment at all,” and “If treatment is in any 
way effective, the effectiveness cannot be 
greater than that required to increase the 
over-all 5 year survival rate by more than 5 
to 10 per cent.” 

McKinnon (6-15) from a study of age- 
specific breast cancer mortality rates in var- 
ious Countries, states, and provinces, proves 
to his own satisfaction that there has been 
little or no change over the last 30 or 40 
years, and that therefore more widespread, 




















more vigorous, and earlier treatment in re- 
cent years has failed. It is rather remarkable 
that these rates are so even over such a long 
period, when one considers that the increased 
accuracy of diagnosis and the greater availa- 
bility of medical services, which has taken 
place over the last 40 years, have not af- 
fected them. It is doubtful that the practic- 
ing physician would place full reliance on 
figures based entirely on the assumed accu- 
racy of death certificates. Since, in a disease 
in which recurrence may take place after 
many years of apparently normal health, 
cure is impossible to define, we should per- 
haps merely speak of prolongation of life by 
treatment. Supposing an improvement in 
treatment is brought about over a period of 
time, then the death rate would be practi- 
cally unaffected initially, and eventually 
would continue at the original level, in spite 
of the fact that the average patient would be 
living longer. McKinnon (14) contends that 
there are two kinds of breast cancer, indis- 
tinguishable histologically. The first is ‘‘non- 
lethal,” or “‘nonmetastasizing” or ‘‘nonpro- 
gressive.” This is not really a “‘cancer” at 
all and can be cured by local removal. The 
second type, genuine cancer, is termed either 
“lethal,” “‘progressive,” or ‘‘metastasizing.”’ 
This kind is uninfluenced by treatment, and 
sooner or later will always result in death of 
the patient. Differences in results in pub- 
lished series are explained by the inclusion 
of different percentages of nonlethal or non- 
metastasizing cancer. 

With these thoughts in mind it is interest- 
ing to compare the results from Saskatche- 
wan from 1944 to 1949 with the reports of 
survival in untreated series. The 5 year sur- 
vival rate in all these series is of the order of 
20 per cent as calculated from the reported 
date of onset of first symptoms of the disease. It 
must be presumed that the authors of these 
reports were unfortunate, with such a low 
survival, that they had not included by 
chance a few nonlethal, histologically indis- 
tinguishable cancers. The Saskatchewan fig- 
ures of the period from 1944 to 1949 show 
a 5 year crude survival rate in all cases of 
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TABLE VII.—COMPARISON OF RESULTS OF TREAT- 
MENT OF ALL CASES OF PRIMARY BREAST CAN- 
CER RECORDED 

No. Per cent 


of crude 5 yr. 
Author Place cases survival rate 
Shimkin....... University of California 
Hospital, 1918-1944 899 40.4 
Nohrman...... Stockholm, 1936-1941 1042 40.1 


Smithers et al... Royal Cancer Hospital, 
London, 1937-1944 1093 34.6 


Adair et al ..... New York Memorial 

Hospital, 1935-1942 3836 34.6 
Windeyer...... Middlesex Hospital, 

London, 1936-1942 1091 33.4 
Paterson et al... Manchester, 1940-1944 1675 28.8 
McWhirter.... Edinburgh Royal Infir- 1882 42 


mary 1941-1947 
Present series.. Saskatchewan, 1944-1949 629 48.3 


48.3 per cent. It should be emphasized again 
that there was no selection of cases in this 
material, for reasons previously mentioned. 
According to McKinnon’s arguments many 
of these cases may have been nonprogressive 
in type. Let us then exclude all group 1 
cases (227, with a survival of 73.5 per cent) 
and take only group 2 and group 3 cases. 
These, surely, since the disease has spread to 
the axilla or beyond, must be classified as 
lethal or metastasizing cancers. The number 
of patients in these groups, from 1944 to 
1949, was 402, and the number surviving 5 
years from the date of treatment or diagnosis, 
whichever was later, was 137, or 34 per cent. 
If one now were to calculate the 5 year sur- 
vival rate of these patients from the time of 
onset of the disease, then the figure would be 
appreciably higher. In other words, we have 
obtained about double the 5 year survival 
rate even when only our more advanced 
cases are compared with the entire untreated 
series. Surely this is strong evidence that 5 
year survival is favorably affected by treat- 
ment. Daland, himself, makes a final per- 
tinent point: ‘““The one factor which makes 
such a comparison (i.e. of treated and un- 
treated cases) unfair is that the patients in 
one series are alive and well, while in the 
other they always have cancer.” 


SUMMARY 


1. Acrude 5 year survival rate of 48.3 per 
cent has been obtained in all new cases of 











cancer of the breast seen at the Saskatche- 
wan Cancer Clinics from 1944 to 1949 (629 
patients). 

2. The treatment policy, in general, for 
operable cases has been radical mastectomy 
and postoperative x-ray therapy. 

3. The series is claimed, from point of 
view of selection, to be similar to McWhir- 
ter’s and shows a superior crude 5 year sur- 
vival rate. 

4. It is demonstrated that, providing the 
published data on the survival of untreated 
breast cancer are representative, treatment 
favorably influences the course of the disease. 
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POLYPHARMACY IN ANESTHESIA 


STUART C. CULLEN, M.D., Iowa City, Iowa 


IT Is NOT SURPRISING that associated with 
attempts at rational practice in a field based 
on so enigmatic a phenomenon as the state 
of anesthesia, there is ample opportunity for 
healthy debate. The usually reversible state 
with its associated varying degrees of non- 
responsiveness, muscle relaxation, and pain 
relief may be produced by intuitive and 
more or less empiric application of a number 
of different drugs. These include, for exam- 
ple, the hydrocarbons, the barbiturates, the 
alcohols and ether, and even the relatively 
inert gases such as nitrous oxide and xenon. 
It has been impossible, to date, to establish 
anything more than hypotheses about the 
manner in which these drugs produce anes- 
thesia. In the face of confusion regarding 
basic mechanisms, it is difficult to under- 
stand why anyone can be dogmatic about 
anything in respect to the approach to the 
solution of problems in anesthesia. 
Nevertheless, one encounters practicing 
anesthetists and even those engaged in re- 
search in the field who have an “attitudinal 
set” about the manner in which they “‘solve”’ 
their problems in anesthesia. These attitu- 
dinal sets may be held by the “purists” 
(those using single agents) or the “poly- 
pharmacists” (those using multiple agents) 
both of whom may feel that they have the 
solution to the problem. The use of mul- 
tiple agents is referred to as “‘balanced anes- 
thesia,” “‘fortified nitrous oxide,”’ and some- 
times as “‘garbage anesthesia.” 
Fortunately for the advancement of 
knowledge in anesthesia, there are many 





who believe that there are merits to both 
attacks on the problem. These are the 
‘‘agnostics” who believe that it is unwise to 
be satisfied with either approach. They 
think that it is less restricting to the exploita- 
tion of current knowledge and to the secur- 
ing of additional information if they resist 
emotional responses to the labels of purism 
and polypharmacy. They find it more profit- 
able to explore new ideas within limits im- 
posed by information supplied by research 
and clinical experience. They find it un- 
profitable to be bound by preconceived 
notions, rigid attitudes, and “armchair” 
research. 

Polypharmacy, if considered simply as a 
convenient word for designating a means of 
producing anesthesia rather than as a label 
of a discipline, expresses a reasonable ap- 
proach to the problem. The polypharma- 
cist exploits his knowledge of the specific 
properties of various drugs and applies them 
in combination in an effort to provide suit- 
able operating conditions with minimal dis- 
ruption of the patient’s homeostatic mecha- 
nisms. He assumes that by intelligent ad- 
ministration of drugs appropriate to the 
demands of the particular situation, no one 
drug will be used in excess or inefficiently. 
Since each of the drugs has a different mode 
of action, he assumes also that the patient 
detoxifies each drug by somewhat different 
mechanisms. An effort is made to use each 
drug in amounts calculated to balance the 
need thus diminishing the opportunity for 
gross overload of protective processes. 





For example, a hypnotic, an analgetic, and 
a muscle relaxant may be used as parts of 
the same anesthetic. In addition, it may be 
expedient further to pinpoint the desired 
effects by taking into account such things as 
the length of action of the drugs and diver- 
sity of action (depolarization or inhibition of 
depolarization by muscle relaxants). 

The purist argues that the introduction of 
multiple agents makes it difficult, if not im- 
possible, to know what beneficial or detri- 
mental impact any one of the drugs may 
have. He maintains that by using a single 
agent a more accurate assessment of drug 
influence can be made and more exact ad- 
justments made. In addition, he is inclined 
to believe that, in the light of our clinical 
abilities and limited objective measure- 
ments, it is difficult to determine accurately 
whether or not the patient needs an anal- 
getic, a hypnotic, or a relaxant. Lastly, he 
points out that most of the drugs are not 
pure but have multiple effects to compound 
the confusion. 

The polypharmacist states that it is possi- 
ble to make a distinction of need and that 
drugs with a dominant action can be applied 
appropriately. As a matter of fact, he con- 
siders that in many respects he is a purist in 
that he uses the drugs discriminately. He 
finds the stand of the purist somewhat para- 
doxical in those circumstances in which the 
latter employs several drugs such as the bar- 
biturates, the narcotics, and derivatives of 
the belladonna group in the preparation of 
the patient for single agent anesthesia. 

It becomes evident that the division of 
practice is an artificial one. The production 
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of the state of anesthesia is a complex proc- 
ess and complexity cannot be avoided by 
either group. 

The safe application of anesthetic agents 
either singly or in combination is dependent 
more upon the knowledge and clinical facil- 
ity of the anesthetist than upon the drugs 
per se. Either the single or multiple drug 
approach to anesthesia can be abused. Bet- 
ter results may be expected if the anesthe- 
tist has the background, experience, and 
training needed to evaluate patients and 
their reactions and to select appropriate 
drugs and techniques. Abuses are flagrant 
in those circumstances in which the anes- 
thetist adopts an indifferent and careless 
attitude and neglects or ignores a minimal 
but significant change in the patients or in 
the operative situation. There can be little 
defense also for those who find life and work 
less exacting if they operate by routine. An 
important factor in the successful applica- 
tion of anesthesia is the constant awareness 
that no two patients and no two operations 
are exactly alike. 

Neither the purist or the polypharmacist 
should be satisfied with his approach to the 
problems in anesthesia. Both must be wise 
enough to benefit from older practices and 
clever enough to avoid the limitations of 
attitudinal sets and preconceived notions. 
In a field in which there are so many oppor- 
tunities for advancement in knowledge, 
there is little room for the physician with 
fixed notions and so much room for the 
scientist who recognizes that what he 
‘“‘knows” today may be not so true tomor- 
row and even less substantial in a month. 
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SPHINCTERS AND GANGLION CELLS 


STANLEY R. FRIESEN, M.D., Ph.D., Kansas City, Kansas 


No ONE CAN DENY the importance of the 
various types of sphincters in the human 
body. The influence of some of these upon 
health, comfort, and even social amenities is 
also readily acknowledged. Indeed, much 
has been written concerning the sparing of 
sphincters, sphincterotomies, and sphincter 
substitutions; in spite of this it is astounding 
to find that so little is known or written about 
the basic properties and functions of these 
remarkable units of continence. There is an 
egregious paucity of new information con- 
cerning sphincters in textbooks of embry- 
ology, anatomy, histology, neurology, physi- 
ology, pharmacology, radiology, and pathol- 
ogy. Perhaps the complexities of ‘‘Mother 
Nature’s masterpieces—the sphincters” have 
stymied the curiosity of investigators who 
have sought to reinterpret the older con- 
cepts of the physiologic mechanisms in- 
volved. 

Consider the esophagogastric junction 
and the extraordinary competence of the 
mechanism which normally prevents ulcera- 
tion of the esophageal mucosa which is so 
sensitive to the erosive gastric juice. Sur- 
geons have learned that interference with 
the esophagogastric junction by incision, 
excision, or otherwise mutilating it may pro- 
duce an incontinency which allows repeated 
reflux of gastric chyme up the esophagus. 
The resultant esophagitis is a grim specter 
for which treatment is as yet generally un- 
satisfactory and unproved. Some of the oper- 
ative procedures advocated for esophagitis 
include reconstruction of the esophagogas- 
tric angle, resection of the area with and 
without antrectomy and vagotomy, pyloro- 
plasty, substitution of the cardial sphincter 
with valves, flaps, and segments of intestine. 
All this is done in the attempt to prevent re- 
flux and to restore a sphincter-like arrange- 
ment again. Very little is known regarding 





this normal protective mechanism which is 
so difficult to duplicate. 

Although the circular muscle of this junc- 
tion has been reported to be more prominent 
than in the rest of the esophagus, no definite 
anatomic sphincter has been described at 
this junction. Yet any surgeon who has 
peered down an esophagoscope or held his 
gloved finger through this orifice or studied 
this area more closely in the laboratory can- 
not fail to be impressed with the active 
tonus there. The action here is more than 
passive, as one might expect if this were 
merely a valve or flaplike arrangement. One 
can, moreover, visualize the active puckering 
of this area from the gastric side when stim- 
ulation is caused by attempted instrumenta- 
tion of this opening. This cardial sphincter 
operates physiologically to prevent reflux. 
The cardia is held tonically contracted, but 
relaxes or is forced open upon the approach 
of a peristaltic wave. The inherent tonicity 
is dependent primarily upon the intrinsic 
nervous system, the myenteric plexus of 
Auerbach, and this tonicity continues in 
spite of extrinsic denervation. It is stated in 
some textbooks of physiology that the ex- 
trinsic nerve influences are carried in the 
parasympathetic and sympathetic systems 
and that the vagal influences cause inhibition 
of the sphincter and contraction of the non- 
sphincteric alimentary musculature. It is 
not explained how a circular sphincter mus- 
cle can be actively relaxed by vagal stimula- 
tion. Neither is it clear how sympathetic 
impulses cause increased tone of the sphinc- 
ters when the regulatory myenteric plexus is 
not even a part of that system, but rather the 
end plate (postganglionic cell) of the para- 
sympathetic. Parenthetically, the anatomic 
terminology of parasympathetic and sympathetic 
should not be confused with the functional 
terminology of cholinergic and adrenergic. 


These theoretic implications come to have 
some clinical significance when one attempts 
to understand the physiologic defect in the 
condition called cardiospasm or achalasia. 
Or one wonders if it is true that the pylorus 
is in spasm after vagotomy or after gastric 
transection. Also, the use of a nonsphincteric 
segment of the jejunum, for instance, as a 
substitute for a true sphincter would have the 
opposite effect of a sphincter, because the 
effect of the vagus on the nonsphincteric 
muscle is stated to be the opposite of the ef- 
fect on sphincters. 

An imbalance in this neuromuscular 
mechanism is exemplified in the condition 
called cardiospasm, or achalasia, which may 
represent exaggerated continence of the 
cardial sphincter. As the terminology im- 
plies, there is either active spasm or a failure 
to relax. Degenerative changes in the my- 
enteric ganglion cells of the esophagus have 
been described in achalasia of the esophagus 
—but what is the evidence to say that these 
changes are degenerative? What are the nor- 
mal appearance and development of this 
plexus? Are these cellular changes respon- 
sible for altered physiologic actions in the 
esophagus or merely the result of them? Is 
the loss of these postganglionic vagal neurons 
tantamount to vagal section to this area and 
does this also result in abnormal pyloric 
action which is seen sometimes in cardio- 
spasm? 

Some of the answers to these questions are 
already apparent if they are applied to the 
pyloric sphincter. In this instance there is no 
question about its anatomic presence. How- 
ever, even its innervation is not adequately 
described. It has been reported that the py- 
lorus receives an independent nerve twig 
from the anterior vagal trunk via the hepatic 
branches and that vagus nerves do not reach 
the pyloric sphincter via the gastric wall. 
The dissimilarity of the pyloric region from 
the rest of the stomach suggests an embry- 
ologic independence as well. If the pylorus 
is an independent embryologic and func- 
tional unit it is tenable that ganglion cell 
changes in the pylorus as have been de- 
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scribed could be contained only in this area 
without comparable changes on either side 
of it. Such findings are known to be present 
in hypertrophic pyloric stenosis where ma- 
ture ganglion cells are very rare and imma- 
ture cells are predominant in the myenteric 
nerve layer. This picture of cellular imma- 
turity resembles the normal cellular arrange- 
ment of the normal pylorus of an earlier age 
(in a newborn infant rather than the 1 month 
old infant with hypertrophic pyloric steno- 
sis). Until recently, the normal development 
of this nerve layer in the fetus and infant was 
not recorded, but now it seems that mature 
ganglion cells normally make their first ap- 
pearance in the pyloric area after full term 
gestation. The cellular changes in hyper- 
trophic pyloric stenosis could not possibly be 
degenerative changes of mature ganglion cells 
since mature cells, normally, would not 
even have appeared in time to have been 
degenerated. 

It is more logical to assume that the cel- 
lular changes of immaturity are due to an 
arrest in the embryologic development. This 
failure of maturity (not degeneration or 
nerve exhaustion) produces an imbalance of 
nerve control of the sphincter which results 
in prolonged and protracted spasm. The 
spasm may be due to the absence of post- 
ganglionic innervation of the sphincter with 
resultant increased sensitivity of the sphinc- 
ter to neurohumeral agents. The histologic 
changes are insufficient to determine the 
reasons for spasm but histopharmacologic 
testing of living biopsies may clarify this 
point. The marked spasm, which is easily 
noted at the time of the Ramstedt operation, 
and which was described by Halbertsma 
years ago, is said to cause work hypertrophy 
of the circular muscles of the pylorus which 
in turn narrows the lumen and finally pro- 
duces mechanical obstruction. This would 
account for the delay in onset of symptoms 
after birth even though a congenital etiology 
is postulated. Moreover, it appears that the 
time of onset of symptoms correlates with the 
degree of maturation of the ganglion cell 
layer of the pylorus, i.e., the earlier the onset 











of sy! 
cells « 


with 
may 
It he 
vaga 
chick 
level 
onic 
The 
meg: 
at th 
sphir 
this | 
caus 
reac 
obst: 
tom: 
with 
strur 
ably 
agal 
lum 
gres 
this 
late 
ach 
onl; 
tive 


ter 
cate 





rea 
ide 
ent 








of symptoms the greater the immaturity of 
cells or the earlier the arrest of development. 

The matter of local ganglion cell changes 
with a normal appearance on either side 
may be difficult to explain embryologically. 
It has been reported that excision of the 
vagal neural crest in the embryo of the 
chick produces aganglia in a corresponding 
level of the intestine with absence of gangli- 
onic cells at all levels distal to that segment. 
The aganglionic segment in congenital 
megacolon (Hirschsprung’s disease) is usually 
at the rectosigmoid, apart from any known 
sphincters. An embryologic explanation for 
this localization is not evident. The aganglia 
causes disorganization of the peristaltic wave 
reaching this area and results in functional 
obstruction due to spasm. Although symp- 
toms may be present from birth in patients 
with congenital megacolon, marked ob- 
structive symptoms usually occur later, prob- 
ably when hypertrophied muscle in the 
aganglionic segment begins to narrow that 
lumen, particularly in relation to the pro- 
gressively dilating proximal bowel. Whether 
this pattern of development may explain the 
late onset of symptoms in patients with 
achalasia of the esophagus or cardiospasm is 
only further guessing on an already specula- 
tive thesis. 

Any discussion of the anal sphincters, in- 
ternal and external, is even more compli- 
cated since there is introduced in this in- 
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stance the matter of voluntary control of the 
external sphincter—a mechanism unique to 
this area. An external sphincterotomy here 
only temporarily renders this sphincter de- 
funct—yet the same procedure on the esoph- 
agogastric sphincter, the pylorus, or the 
sphincter of Oddi apparently causes per- 
manent loss of sphincter function. Such pro- 
cedures on the pylorus and the sphincter of 
Oddi are willfully carried out on indication 
and, strangely, no untoward effects are gen- 
erally noted, in an otherwise normal indivi- 
dual. In the dog, pylorectomy will not alter 
the health of the normal animal; however, 
the dog which ordinarily survives a massive 
small intestinal resection, for instance, as 
evidenced by an eventually stable body 
weight, will deteriorate and die when py- 
lorectomy is added to the procedure. 

On the one hand, it seems that sphincters 
are expendable; on the other, they are vital 
to normal health—and certainly irreplace- 
able. These wonderfully functioning units, 
responsive to all latitudes of stimuli, work in 
a manner mysterious to this writer, who in 
turn asks for enlightenment. Old concepts of 
physiologic mechanisms need be re-evalu- 
ated. The answers to many questions may be 
found in physiologic archives, in the minds 
of scholars, and very likely in the human 
workshop where living biopsies for modern 
histochemical, pharmacologic, and physio- 
logic testing can be done. 


_ THE SURGEON AT WORK 





THE ANTERIOR APPROACH TO UPPER 
DORSAL SYMPATHECTOMY 


ERIC M. NANSON, F.R.C.S., F.A:C.S., Saskatoon, Saskatchewan, Canada 


THERE IS NO JUSTIFICATION for writing this account 
on the grounds that a new technique is being re- 
ported. The anterior approach to upper dorsal 
sympathectomy is the route usually used by Brit- 
ish and Continental surgeons. However, it is not 
generally used by surgeons on the North Ameri- 
can Continent, who prefer the posterior approach. 
It is some years now since a detailed description 
of the technique has appeared in the American 
literature and it seemed opportune, therefore, to 
set forth the advantages of this approach and to 
redescribe the various steps in the operation. 

The anterior approach was described by Jon- 
nesco in 1923 and by Briining also in 1923. It 
was used by Royle in 1932 in treating spastic 
paralysis, by Gask in 1933 for Raynaud’s disease, 
and by Leriche and Fontaine in 1933. Ochsner 
and DeBakey advocated it in 1940 for upper limb 
sympathectomy. White, Smithwick, and Simeone 
in their text on The Autonomic Nervous System pub- 
lished in 1952 describe it in some detail but favor 
the posterior route. 

The anterior approach is an operation which 
should have a wide appeal to surgeons. It is a 
well conceived, strictly anatomic procedure, in- 
volving minimum trauma to the patient. It has 
certain inherent advantages over the posterior 
approach and the transaxillary approach of At- 
kins insofar as it allows a thorough exploration of 
the thoracic inlet. Upper dorsal sympathectomy 
is used in a number of diverse conditions such as 
Raynaud’s disease, causalgia, and hyperhidrosis. 
Each of these conditions can be primary or can 
be initiated by abnormalities, congenital or ac- 
quired, of the structures of the thoracic inlet, 
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which may produce overactivity of the sympa- 
thetic nerves to the upper extremity. Alterna- 
tively, such abnormalities may obstruct the vas- 
cular supply to the arm and so mimic sympathetic 
lesions. Therefore, even in an apparently uncom- 
plicated case of Raynaud’s phenomenon, it is 
valuable to be able to explore the base of the 
neck during the course of the sympathectomy. 
Furthermore, a good knowledge of the anterior 
approach to the thoracic inlet is advantageous in 
conditions other than those associated with sym- 
pathetic surgery. Thus tumors of the thoracic 
inlet, such as neurofibromas, may be attacked by 
this approach. Aneurysms of the subclavian and 
axillary arteries may necessitate this exposure. It 
is quite simple to do a bilateral operation at one 
procedure with minimal trauma to the patient. 


TECHNIQUE 


The patient is placed in the supine position. It 
is advantageous to have the head of the table 
raised some 10 to 15 degrees above the feet. A 
small sandbag is placed between the scapulas. 
The head is rotated to the opposite side, while 
the arm on the same side is pulled firmly down. 
This positioning is important because it opens 
the supraclavicular space to the maximum ex- 
tent. A 3 to 3% inch long incision is then made 
parallel to and about 1 centimeter above the 
clavicle, over the clavicular head of the sterno- 
mastoid muscle (Fig. 1). This incision is rather 
more medial than the one classically described. 
This incision should expose the sternal head as 
well as the clavicular head of the sternomastoid 
muscle. It is so placed in order to avoid the mesh 
of veins which is not infrequently found in the 
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Fic. 1. Site of incision (inset). Division of the clavicular 
head of the sternomastoid muscle. 


supraclavicular fossa lateral to the sternomastoid 
muscle. The platysma muscle is divided trans- 
versely in the line of the incision. The clavicular 
head of the sternomastoid muscle is then isolated 
with a right angle clamp and divided transversely 
(Fig. 1). This procedure displays a moderate 
amount of loose areolar tissue of variable thick- 
ness overlying the scalenus anticus muscle. This 
muscle is best defined initially by palpation; it is 
felt as a firm vertical structure inserting into the 
first rib. By gentle stroking with a small gauze 
sponge this areolar tissue may be pushed aside, 
and the internal jugular vein may be displayed 
medially and the scalenus anticus muscle, later- 
ally. Overlying the scalenus anticus muscle, and 
passing off its medial border, will be found the 
phrenic nerve. This nerve should be freely mo- 
bilized and drawn medially and protected from 
possible damage, along with the jugular vein, by 
a narrow retractor (Fig. 2). Both edges of the 
scalenus anticus muscle should be clearly defined. 
A right angle clamp is then carefully passed un- 
der the muscle about 1 centimeter above its in- 
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Fic. 2. The scalenus anticus muscle and phrenic nerve. 
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Fic. 3. Exposure of Sibson’s fascia after division of 
scalenus anticus muscle. 





sertion and the muscle transected with a scalpel 
cutting down on to the clamp. Usually a small 
but vigorous arterial bleeder will be found in the 
muscle coming from the subclavian artery. This 
vessel should be picked up and coagulated at this 
time. It is quite probable that a few strands of 
the scalenus anticus muscle will not have been 
raised up by the clamp and will require further 


division. Again some loose areolar tissue will 


have to be stroked aside, and the arching sub- 
clavian artery will be clearly displayed in its first 
and second parts. This vessel is cleaned and mo- 
bilized only to a sufficient degree to expose its 
upper surface and the branches which come off 
it. Usually the thyroid axis artery and the verte- 
bral artery will be defined. It may be necessary 
to ligate and divide the former in order to mobilize 
the upper surface of the subclavian artery suffi- 
ciently todepressit out of the way. Thesubclavian 
artery is retracted downward, and a triangular 
interval is then displayed between the scalenus 





Fic. 4. The final exposure of the sympathetic chain. 















medius muscle and the inner cord of the brachial 
plexus laterally, the internal jugular vein medi- 
ally—held out of the way by a retractor—and 
the subclavian artery and clavicle below—held 
out of the way by another retractor. The floor of 
this triangle is composed of Sibson’s fascia over- 
lying the apex of the lung (Fig. 3). This fascia 
should be gently nibbled through until the extra- 
pleural space is clearly defined. Then by further 
nibbling and stripping down with a small gauze 
sponge on a sponge holder, the whole of the apex 
of the lung can be depressed downward. This is 
best done with the finger. The key to not tearing 
the pleura is to press down on to the necks of the 
ribs and the borders of the thoracic vertebras 
rather than on to the pleural tissue itself. The 
sharp edge of the first rib is thus easily felt. Care 
and thought must be given to the superior inter- 
costal artery and vein. Should these be torn they 
should be coagulated. The pleura can be stripped 
down at least to the neck of the third rib and 
held out of the way by a long spatula retractor. 
It is not necessary to use special lighted retractors 
or a malleable light carrier. 

The lower pole of the stellate ganglion, which 
is usually composed of the fusion of the lower 
cervical ganglion plus the first thoracic ganglion, 
is more readily felt than seen at this stage. It 
overlies the neck of the first rib. Therefore, if the 
index finger is rubbed along the neck of the first 
rib, the lower pole of the stellate ganglion, or the 
sympathetic chain extending down from it, will 
be felt to roll under the finger. This cord may 
then be picked up blindly with a pair of hemo- 
stats and, once a good grasp of it has been ob- 
tained, its dissection is easy. Under direct vision, 
therefore, the sympathetic chain can be dissected 
up and the rami communicantes divided and 
freed caudalward until the third thoracic gang- 
lion is reached. This ganglion lies either in the 
second thoracic interspace or over the neck of the 
third rib (Fig. 4). At this level it may be divided 
and drawn up to the surface of the wound. Any 
bleeders are best coagulated. The further freeing 
of the stellate ganglion is then simple as all rami 
can be divided readily under clear vision. If it is 
decided to leave the stellate ganglion in situ, the 
lower pole is divided; otherwise the whole gang- 
lion may be removed. The exact method of deal- 
ing with the severed sympathetic chain is highly 
controversial and will not be discussed here. 
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Once the sympathetic chain has been dealt 
with, the depth of the wound should be filled 
with saline and the anesthetist asked to inflate 
the lungs. By this means an inadvertent pneumo- 
thorax may be demonstrated and dealt with by 
aspiration and closure of the hole in the pleura. 
However, by this method and with care it should 
be rare for the pleural cavity to be entered. 

There is no need to drain the wound. All 
bleeding in the depth is controlled by coagulation 
except in the region of the subclavian artery or 
the brachial plexus. Here ligatures must be used. 

The closure is made by reapproximating the 
clavicular head of the sternomastoid muscle and 
also the platysma muscle. No attempt is made to 
reapproximate the scalenus anticus muscle. If a 
bilateral procedure is indicated, it may be done 
at the same operation. 


CONCLUSION 


The detailed technique ofthe anterior approach 
to upper dorsal sympathectomy has been de- 
scribed. The operation performed in this manner 
is simpler, less traumatizing to the patient, and 
gives a better exposure than by the posterior route. 
Furthermore, this operation enables a very ade- 
quate exposure of the thoracic inlet to be made 
so that abnormalities of the vessels, the brachial 
plexus, or the vertebras and ribs may be investi- 
gated. It is a valuable approach for various types 
of lesions of the thoracic inlet, other than those 
related to the sympathetic chain. Therefore, a 
good working knowledge of it will prove valuable 
under numerous circumstances. 
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LEON LE FORT AND HIS OPERATION 


FOR UTERINE PROLAPSE 


HAROLD SPEERT, M.D., F.A.C.S., New York, New York 


AT A MEETING of the Académie Royale de Méd- 
ecine in Paris in April 1825, a new procedure 
was described for the surgical cure of uterine 
prolapse, the report being recorded soon there- 
after by the following brief note in the proceed- 
ings of the meeting (1): ““M. Baudelocque, au 
nom d’une commission, lit un rapport sur un 
Mémoire de M. Girardin, relatif 4 un nouveau 
procédé pour la cure radicale de la descente de 
Putérus. Ce procédé consiste 4 provoquer |’oblit- 
eration de l’orifice du vagin.” 

The ““M. Girardin” mentioned in this note 
was probably Nicolas Vincent Auguste Gérardin, 
who was born in 1790 and died in 1868, but he 
never published anything on the subject. Ten 
years later, however, at the August 25 meeting 
of the Académie de Médecine in 1835, the same 
Gérardin spoke up (2) to assert French priority 
in the invention of this new operation for the 
cure of uterine prolapse, if not priority in its 
actual performance, thus implying that he had 
merely suggested the principle of treatment orig- 
inally rather than having actually performed the 
operation himself. 

The idea of partially occluding the vaginal 
introitus in order to restrain the sagging uterus 
found expression during the next half century in 
a number of operations designed by Simon, 
Spiegelberg, Hegar, and others. Common to all 
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was the principle of removing part of the vaginal 
membrane, approximating and suturing together 
the partially denuded anterior and posterior 
walls, this procedure usually being combined 
with perineorrhaphy. In 1877 Léon Le Fort re- 
described the principle of partial colpocleisis and 
reported his own modification of the vaginal 
plastic operation that has been known ever since 
as the Le Fort operation. Despite its disadvan- 
tages of interfering with the vagina’s coital func- 
tion and rendering the uterus subsequently inac- 
cessible by vaginal approach, the simplicity and 
safety of the operation still commend it for the 
correction of uterine prolapse in the elderly and 
poor risk patient. 

Le Fort took note of the previously published 
operations but expressed his dissatisfaction with 
them as the stimulus for his own improvisations. 
‘*Procedures less dangerous and easily performed 
but ineffective, or else effective but hard to per- 
form ... carrying dangers for the patient,” he 
wrote, “such were the alternatives offered me by 
surgery when, on November 10, 1876, there con- 
sulted me at the Beaujon Hospital a woman of 
48 years, a laundress by trade, suffering from 
complete prolapse of the uterus. The illness 
seemed to date back 6 months. The patient had 
had 3 children, the youngest 11 years old, all 
deliveries being normal. Menstruation was al- 
ways regular. In May 1876 she noticed at the 
vulva a tumor, which appeared intermittently 








‘| 
Fic. 1. Léon Le Fort (1829-1893). 


at first, at intervals of approximately 15 days. . . 

“In October the tumor began to appear every 
day, acquiring the size it possessed at the time of 
operation. Finally, 8 days before the patient was 
hospitalized, reduction of the mass became im- 
possible and pain set in, accompanied by a sen- 
sation of heaviness... 

“The patient asked to be relieved of her in- 
firmity and preferred any kind of operation to 
the need of wearing a bandage. I therefore had 
to ask myself what procedure I could use and, 
as I have just stated, the standard operations 
seemed unsatisfactory to me. Careful examina- 
tion of the mechanism by which prolapse occurs 
suggested to me the principle of the operation 
that I subsequently performed with complete 
success. In the case of my patient, as in almost 
all women who find themselves in this condition, 
it is not the uterus that protrudes from the vulva 
primarily, nor is it the uterus that pulls down 
the anterior and then the posterior wall of the 
vagina. What is usually noticed first is a cys- 
tocele, the protrusion of the anterior vaginal wall 
outside the vulva. As the cystocele becomes pro- 
gressively more prominent the uterus finally 
arrives at and beyond the vulva, as if pulled 
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down by the prolapse of the vesicovaginal sep. 
tum. The part of this septum nearest the vulva 
protrudes first, the rest following as a sort of un- 
folding; and the same effect is produced on the 
posterior wall, the mucosa of which usually slides 
over the rectal mucosa, which retains almost its 
normal position. As the uterus descends, the parts 
of the anterior and posterior vaginal walls, which 
are in contact when the uterus is in its normal 
position, separate more and more from each 
other as they protrude outside the vulva to allow 
passage of the deepest parts of the vagina, and 
finally the uterus. 

‘Evidently, if one could keep the vaginal walls 
in contact with each other, thus preventing 
one of them from going forward and the other 
backward, he could prevent prolapse completely. 
This is what I sought to do, striving to make the 
contact intimate and permanent and to restore 
the anterior and posterior vaginal walls to the 
same level in reuniting them by suture.” 

Cognizant of the disadvantages of too extensive 
a reduction of the vagina, Le Fort carefully 
limited his dissection. ‘“To thus suture these walls 
at a certain height entailed closing up the vagina: 
but the very numerous cases of septate vagina 
collected in my thesis of 1863 on congenital ab- 
normalities of the uterus and vagina showed that 
even a complete vertical closure of the vagina 
scarcely hinders delivery and does not interfere 
with coitus at all. So in order to cure prolapse I 
only needed to perform partial dissection and 
partial closure. 

‘This is not all. In vaginal plastic operations 
one operates after replacing the uterus, thus in 
the depths of the vagina, and . . . the operation 
is long, laborious, and more difficult and tiresome 
than an operation for vesicovaginal fistula. In 
my method, on the contrary . . . everything can 
be done externally and with great ease. Here is 
how it is done: 

“Without trying to reduce the uterus, which 
was completely outside the vulva, and with the 
patient in the dorsal decubitus position, I first 
made 4 incisions in the anterior wall of the va- 
gina, delimiting a flap of mucosa, which I raised, 
giving me a dissected area about 6 cm. long and 
2 cm. wide and extending to the part nearest 
the vulva ... Then, lifting the prolapsed uterus 
toward the abdomen in order to bring the pos- 
terior aspect of the mass into view, I carried out 
a dissection of it similar to that which I had 
made on the anterior wall . . . This done, I par- 
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THERAPEUTIQUE CHIRURGICALE 


Nouveau procédé pour la guérison da prolapsus atéria ; 


Par le professeur Léon Lr Fort. 


Lorsque le prolapsus utérin n'est que peu marqué, lorsque le 
coln‘arrive qu’a la vulve, ou ne fait qu’une légére saillie au de- 
hors de 'anneau vulvaire, l’application d'un pessaire intra-vagi- 
nal suffit assez souvent pour pallier les inconvénients de cette 
triste infirmité et pour détenir l’utérus a l'intérieur de la cavité 
vaginale. Mais, lorsque la chute de l’utérus est complete, lorsque 
Vorgane tout entier, recouvert par les parois du vagin qu'il « 
entrainés avec lui, fait saillie & l'extérieur et pend en quelque 
sorte entre les cuisses de ja malade, un simple pessaire est pres- 
que toujours insuffisant, et il faut alors employer les pessaires 
garnis de tiges prenant point d’appui sur une ceinture périnéale. 
Or, non-seulement ces appareils, fort pénibles 4 porter, génent 
dans la marche, dans la station assise, ils ont l’inconvénient 
bien plus grave encore de ne pas atteindre le but cherché et de 
ne pas maintenir l’utérus, qui glisse sur le cété du pessaire ct 
nen arrive pas moins 4 I'extérieur. Ces inconvénients con- 
stants, cette inefficacité trop fréquente des pessaires ont amené 
les chirurgiens & recourir 4 des opérations pouvant, sinon 
amener la cure radicale, c’est-d-dire replacer et retenir l’utérus 
dans sa situation normale, du moins le maintenir dans l’in- 
lérieur méme du vagin, sans que le col atteigne et surtout 
dépasse la vulve. Quelques-uns de nos collégues de la Société 
de chirurgie, dans une discussion récente, ont soutenu que ces 
opérations sont constamment inefficaces, et qu’aprés un temps 
plus ou moins long le prolapsus se reproduisait. C'est la une 
erreur manifeste, car, sans méme recourir aux observations 
étrangéres, des faits puisés dans la pratique de chirurgiens 
francais prouvent que la guérison permanente peut étre obtenue. 
Ce reproche d’inefficacité peut s’appliquer justement a la plupart 
des procédés cherchant 4 rétrécir les parois ou l’une des parois 
du vagin, ou méme la vulve par la cautérisation comme I’ont 
fait Romain Girardin, Laugier, Velpeau, Desgranges, etc.; mais 
on ne peut plus l’adresser aux méthodes consistant  rétrécir le 

toms xc, 8° Live. 22 

Fic. 2. Title page of Le Fort’s paper on his operation 

for uterine prolapse. 


tially replaced the uterus, enough to bring to- 
gether the uterine edges of these 2 dissected sur- 
faces, and I applied 3 sutures to the transverse 
edges, reuniting the anterior and posterior va- 
ginal walls in linear fashion. I then proceeded to 
reunite the lateral edges, passing a silver thread 
... through the edge of the anterior dissected 
surface ... then the corresponding edge of the 
posterior dissected surface on each side. . . Tight- 
ening these sutures served to reduce the prolapse 
of the uterus by bringing the opposing walls of 
the vagina together. This reduction was effected 
as the sutures were placed, and when the 2 edges 
of the dissected surfaces were reunited in their 
entire extent, the reduction was complete .. .” 

Le Fort carefully left the wire sutures long, to 
facilitate their later removal. “After 10 days,” 
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showing a stage in the operation of partial colpocleisis. 


he wrote, “I began to remove the sutures. The 
therapeutic result was perfect; the uterus was 
supported perfectly, and when I had the patient 
cough and strain while squatting, there was no 
suggestion of any protrusion from the vulva; 
their wasn’t even any appreciable pouting.” 

The second stage of the operation was carried 
out later. “I could have thus limited my inter- 
vention,” explained Le Fort, “and I would have 
done so if I had wished to sacrifice the patient’s 
interests to my desire to show . . . the happy re- 
sult of the operation. But the fourchette was so 
lax and so wide that I feared to see the result 
compromised later by the absence of support at 
the side of the vulva. I therefore completed the 
operation with a dissection at the fourchette and 
neighboring parts ... I did the suturing in 2 
layers according to my method ... and when 
the patient was discharged . . . the reunion was 
complete and definitive in its whole extent and 
along the entire surface of the dissection . . . The 
perineal floor, reconstructed by the second oper- 
ation, gives support to the vaginal walls and pre- 
vents any tendency to their protrusion ... The 
patient, relieved of all pain and discomfort, was 
able to perform strenuous work and carry heavy 
loads, and obtained from the operation all the 
benefit she could possibly hope for.” 
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Léon Le Fort was born in Lille, France, De- 
cember 5, 1829 (4). At the age of 17 years, he 
entered the business of his father, a clothing mer- 
chant, but was permitted to return to his studies 
a year later, after his aversion for the business 
began to affect his health. He entered the College 
de Lille in 1848, but was soon called to military 
duty in the national guard of the province, 
which he served with great distinction. Inspired 
by the campaign of Paris, he decided to follow a 
military career as had his grandfather, who 
gained renown in the siege of Lille in 1792. Al- 
though Le Fort’s father was unsympathetic to a 
military future for his son, he wisely refrained 
from rigid opposition to it, proposing in compro- 
mise that Léon enter the army’s sanitary corps. 

By the time the military hospitals of instruc- 
tion were closed and the students dismissed in 
1850, Le Fort had developed sufficient interest 
in medicine to pursue its study in civil life. A 
violent defender of civil liberties, he participated 
in the citizens’ revolt against the coup d’état of 
December 1851 and narrowly escaped being 
taken prisoner. He then settled down to the seri- 
ous study of medicine in Paris, where he served 
as intern in 1852. In 1858 he received an appoint- 
ment as aide in anatomy after publishing a dis- 
tinguished thesis on the structure of the human 
lung. In this work he called attention to direct 
communications between the bronchial and pul- 
monary blood vessels, anastomoses with which 
his name is still associated. He later became in- 
terested in methods for resecting the knee and 
hip, and published valuable papers on the sub- 
ject, pointing out the importance of surgical hy- 
giene. 

Like his contemporary, Tarnier, Le Fort be- 
came engrossed in the concept of contagion be- 
fore the birth of the science of bacteriology, bas- 
ing his concepts entirely on statistical reasoning. 
In 1865 he carried out a large scale statistical 
investigation of 1,823,093 births in England, 
Ireland, Holland, Belgium, Germany, Austria- 
Hungary, Russia, Sweden, and Switzerland, 
comparing the results in home deliveries with 
those conducted in hospitals; but his conclusions, 
based on the doctrine of contagion, were so con- 
trary to existing ideas that the director of hos- 
pital administration, under whose sponsorship 
the study was undertaken, refused to publish Le 
Fort’s report. Applying the principles of asepsis 
to his surgical service in the Hospital Cochin in 


1867, he performed 7 leg and thigh amputations 
during the next 2 years without a single death, 
whereas the mortality from this type operation 
had been as high as 65.7 per cent in the rest of 
Paris. 

Le Fort’s professional interests encompassed 
many fields, including medical administration, 
military medicine, public health, and demog. 
raphy. He published papers on congenital mal- 
formations of the uterus and vagina, abdominal 
and vaginal hysterectomy, chloroform anesthe- 
sia, and numerous plastic procedures, including 
skin grafting, perineorrhaphy, and correction of 
exstrophy of the bladder. He ligated the common 
carotid to cure pulsatile exophthalmos and was 
the first in France to perform nephrectomy for 
ureteral fistula. In 1873 he was called to the 
chair of surgery in Paris, replacing Denonvilliers, 
and in 1875 he was elected president of the So- 
cieté de Chirurgie. 

Ever ready to defend the rights of the indi- 
vidual, Le Fort demanded justice for women 
accused of prostitution, in a historic debate on 
the public prophylaxis of syphilis before the 
Académie de Médecine in 1888. “‘Je respecte la 
loi,” he declaimed, ‘“‘je hais l’arbitraire. Pour 
protéger la santé publique, je demande une loi! 
Pour protéger une femme qui peut étre injuste- 
ment accuseé, je demande des juges.” 

Le Fort maintained a country home in Menes- 
treau, where he was chosen mayor of the com- 
munity. It was here that he pursued his principal 
avocations, the rearing and care of birds and fish. 
He died October 19, 1893, at age 64. 
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Reviews of New Books 


THE MONOGRAPH entitled Le cancer du plancher de la 
bouche! presents the authors’ experiences with a series 
of 454 cases during the past 32 years. In discussing 
the etiology, stress is placed on the extremely low 
incidence of this disease in females and of the large 
number of chronic alcoholics among these patients 
(90 per cent in this series). Liver biopsies on 20 
patients picked at random during recent years showed 
pathologic changes in 17, ranging from fatty degenera- 
tion to cirrhosis. From these and other studies, in- 
cluding liver function tests, the authors conclude that 
the nutritional deficiencies and avitaminosis con- 
comitant to chronic alcoholism probably play an 
important role in the etiology of this condition. 

An attempt is made to group these tumors with 
reference to the anatomic location of their points of 
origin and to adjacent structures invaded, when first 
diagnosed. Out of 7 such groups listed, unilateral 
tumors in the anterior part of the floor of the mouth 
show the best prognosis, whether adjacent to and in- 
vading the gum or not, while those near the base of 
the tongue have an extremely poor prognosis. 

The important role of secondary infection is dis- 
cussed with stress laid on the high incidence (40 per 
cent at first examination), and on the frequent mis- 
diagnosis of cervical metastases when only lymph- 
adenitis is present. (Fifty-seven per cent of 258 cases 
subjected to neck dissection with clinically palpable 
hard nodes showed only inflammatory changes histo- 
logically.) 

The methods of surgical treatment are described 
with a discussion of their various advantages and 
disadvantages. The authors express dissatisfaction 
with the “monobloc operation,” consisting of com- 
plete unilateral neck dissection, partial resection of 
mandible, and removal of the primary lesion as a 
single unit, on the grounds that this leaves a pathway 
open for infection to spread from the mouth to the 
carotid gutter. They prefer to carry their neck dis- 
section down only to the level of the hyoid bone, 
leaving the remainder of the neck dissection for a 
later date. In doing this, they believe that sufficient 
tissue planes will be left between the operative field 
and the carotid gutter to prevent the downward 
spread of infection. 

During the past 2 years the authors have routinely 
subjected all their major surgical cases to tracheo- 
tomies and, where indicated, feeding gastrostomies 
preoperatively. Gastric tubes inserted through the 
nose or mouth have been completely abolished. Only 
local infiltration and regional nerve block have been 
wed for anesthesia, supplemented by chlorpromazine. 
They believe that this regime, supplemented by the 
discontinuing of complete neck dissections at the time 
the oral lesion is removed, is responsible for reducing 
their operative mortality from 10 deaths out of 24 


1L2 CANCER DU PLANCHER DE LA BOUCHE. By Marcel Dargent 
and Jean Papillon. With the assistance of J.-F. Montbarbon. 
Preface by Pr. P. Santy. 170 pages, 48 illustrations. 1.800 fr. 
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patients during 1952 to 1953 to 1 death out of 10 
patients during 1954 to 1955. The chlorpromazine is 
a significant aid in preventing delirium tremens which 
was the cause of 3 of the deaths in the former period. 
In all, 71 patients were treated surgically, 66 of these 
were also subjected to neck dissection. The results 
were as follows: Local excision and subtotal glossec- 
tomy, 14 cases with 36 per cent 5 year survival; Mo- 
restin operation or lateral resection of mandible, 24 
cases with 12.5 per cent 5 year survival; resection of 
arch of mandible, 12 per cent 5 year survival; lateral 
pharyngectomy (1 patient) died in first year. The re- 
maining cases were lost to follow-up examination. 

The techniques of treating the oral lesions by electro- 
coagulation are described, the authors pointing out 
the fact that this method is less painful and debili- 
tating than radiation and less mutilating than surgery. 
Also the lessened risk of infection allows them to do 
neck dissections at the same sitting. They recommend 
it for anterior lesions involving the jaw but state that 
it is often ineffective when the tongue has been in- 
vaded. Ninety-nine patients were treated by this 
method, 89 also having neck dissections. The mortality 
rate was 6 per cent. There were 11 five year cures and 
24 patients had local recurrences which were sub- 
sequently treated successfully by surgery or radiation. 

The role of radiation therapy is thoroughly dis- 
cussed. The various techniques are presented, and 
stress is laid on the frequent occurrence of radiation 
necrosis of the mandible, its management and pre- 
vention. One hundred and thirty-six cases were 
treated by radiation with the following results: 61 
cases with neck dissection, 31 per cent 5 year survival; 
65 cases without neck dissection, 7.7 per cent 5 year 
survival. Generally the use of radium needle implants 
in the oral lesion combined with transcutaneous radia- 
tion of the mouth and radical neck dissection gave 
results superior to all other forms of treatment. 

The authors believe that all cases should be sub- 
jected to radical neck dissections routinely. This 
should not be considered prophylactic but rather 
therapeutic because of the large number of cases with 
hidden or latent neck metastases. In summing up, 
the authors state that advanced cases requiring radi- 
cal therapy are now usually treated surgically while 
the other forms of therapy are preferred in earlier 
cases, —David Elkin and James Barrett Brown. 


AN INTERNATIONAL SYMPOSIUM on fungus diseases was 
presented at the University of California at Los 
Angeles in June 1955. The papers presented at this 
meeting have been collected into a single volume. 
From a review of this volume, entitled Therapy of 
Fungus Diseases,* it is apparent that fungus infections 


2THERAPY OF FunGus DisEASE; AN INTERNATIONAL SYMPO- 
stuM. Edited by Thomas H. Sternberg, M.D., and Victor D. 
Newcomer, M.D. Presented June 23, 24, 25, 1955, by The Di- 
vision of Dermatology, School of Medicine and Medical Exten- 
sion, University of California at Los Angeles. 337 pages, illus- 
trated. $7.50. Boston and Toronto: Little, Brown & Co., 1955. 
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are of world-wide distribution and interest, although 
certain of them tend to occur in certain geographic 
areas. It is also apparent that in spite of the great 
efforts that have been made to learn more about such 
diseases, their mode of transmission is relatively un- 
known, there are no effective means of prevention or 
immunization, and treatment, except for a very few 
of them, leaves much to be desired. This symposium 
indicates that these diseases are being studied in- 
tensively. There is good reason to hope that they will 
be better understood and that effective treatment will 
be developed. This book contains much that would be 
of great interest to the mycologist. Unfortunately, 
there is not much of practical value for the clinician 
or surgeon. —O. Theron Clagett. 


PROFESSOR MiTCcHELL’s Cardiovascular Innervation® is an 
extraordinarily valuable monographic treatise in the 
overlapping fields of applied anatomy, functional 
behavior, and cytologic architecture. The work is an 
unusual product of laboratory and library, closely 
tied to the needs of the physician and surgeon and 
supported by a bibliographic storehouse listing almost 
1,000 books and journal articles. 

Following an introductory chapter on definition 
and general information on the development and 
adult structure of the autonomic nervous system, suc- 
ceeding sections deal with autonomic representation 
in the cerebellum, brain and spinal cord, and the 
several peripheral areas and parts (in head and neck, 
thorax, abdomen and pelvis, and upper and lower 
extremities). 

Totally there are 10 chapters; their subject matter 
is illustrated by 217 figures, many of them in color. 
The line drawings are clear, the schematized pictures 
ingenious and effective; the halftone engravings, pre- 
pared from stained material, are of an equally high 
order. The figures which depict the myenteric part 
of the enteric plexus are strikingly detailed. For- 
tunately, Professor Mitchell, while presenting those 
elements which constitute the intimate fabric of plexi- 
form fibers, never fails to furnish the reader with 
illustrations which serve as guides for the surgeon— 
whose requirements match those of the gross ana- 
tomist. These figures deal with the innervation of 
blood vessels from cranium to sole of foot. 

Favored by scholarly inclination, Professor Mitchell’s 
evident exercise of talent and judgment have been 
further inspired by association with Sir James R. 
Learmonth, Sir Geoffrey Jefferson, and many other 
distinguished colleagues. His treatise is heartily rec- 
ommended for use by students, graduates of residency 
rank, and doctors in practice. —Barry Anson. 


CARCINOMA OF THE LUNG has risen from a position of 
obscurity to be now the commonest form of visceral 
cancer in men. This has occurred during the past 
half century. Such a stunning increase in incidence 
has lead to much searching for the factor or factors 
responsible. A sense of panic has actually developed 


3CARDIOVASCULAR INNERVATION. By G. A. G. Mitchell, 
O.B.E., T.D., M.B., Ch.M., D.Sc. Foreword by Sir Geoffrey 
efferson, 356 pages, 217 illustrations. $11.00. Baltimore: The 
illiams & Wilkins Co.; Edinburgh and London: E. & S 
Livingstone Ltd., 1956. 
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in many people. Obviously, much has been written 
and said concerning this disease in all of its aspects, 

In the volume entitled Pulmonary Carcinoma,‘ the 
authors have collected this mass of material, have 
sifted it for value and accuracy, and then re-edited 
it for general medical consumption. In this they have 
leaned heavily on their broad clinical experience, 
For this task they have further enlisted the help of 
16 authorities in the various specialized fields of 
medical experience that, touch upon lung cancer, 
These fields range from the experimental inquiries 
into the etiology of the disease through all of its 
diagnostic, therapeutic, and clinical aspects to the 
effects of it upon the total person as a sentient being. 

One impressive feature of this book is the manner 
in which the authors interpret for the reader the 
significance of statistical or other such facts. It is as if 
they had digested this enormous mass of material and 
rendered it easily acceptable to the reader. The amount 
of detail that is furnished is impressive but it is put 
in a form so readable that it does not burden one. 
In the surgical aspects of the problem the controversial 
issues are boldly approached and discussed but after 
the views are aired a very acceptable program of con- 
duct is given in a very convincing manner. 

Selected references are appended for more detailed 
reading and it is interesting to note that they are 
often of very recent date, including publications in 
1955. Twenty-five sample case histories highlighting 
various problems in the diagnosis and management 
of this disease are included as an appendix to the 
volume. 

The book contains over 500 pages. It is well printed 
on good paper and is profusely illustrated, including 
several full pages in color. It is well indexed. 

This book is a very welcome addition to medical 
literature because it is an accurate source of reliable 
information including much detail. In it a clear 
attempt has been made to present all this material 
in unbiased fashion while at the same time under- 
lining rather clearly a personally recommended course 
of action or opinion. —Hiram T. Langston. 


THE AUTHOR HAS ENLARGED the scope of the fifth edi- 
tion of The Management of Obstetric Difficulties® over the 
previous edition which had as its primary purpose to 
give practical aid in the management of obstetric diffi- 
culties and emergencies. Doctor Willson has succeeded 
in his endeavors “‘to make this text as practical as 
possible” and has consolidated many related subjects 
and rewritten many chapters in order to keep abreast 
of modern obstetric thinking and practice. 

In the author’s interesting and timely introduction 
improved methods are presented in the prevention of 
maternal and fetal deaths. 

Section I includes a clear discussion of the causes 
and treatment of infertility. In section II, methods of 


4PULMONARY CARCINOMA; PATHOGENESIS, DIAGNOSIS, AND 
TREATMENT. Edited by Edgar Mayer, M.D., and Herbert C. 
Maier, M.D. 540 pages, 182 illustrations, some in color. $15.00. 
Distributed by J. B. Lippincott Co., Philadelphia and New York. 
New York: New York University Press, 1956. , 

5THE MANAGEMENT OF OpsTETRIC Dirricu.tTies. By Paul Titus. 
Revised by J. Robert Willson, M.D., M.S. 5th ed. 737 pages, 
348 illustrations, and 1 color plate. St. Louis: The C. V. Mosby 
Co., 1955. 
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diagnosis of pregnancy and discussion of prenatal care 
are set forth. Prepregnancy care is emphasized, with a 
presentation of the most common minor complications 
of pregnancy. In section III, the general surgical and 
medical complications of pregnancy are discussed in a 
concise manner, especially in the chapters on bleeding 
inlate pregnancy and toxemia. The author’s contribu- 
tion in the study of toxemia of pregnancy is outstand- 
ing. New knowledge concerning the origin and man- 
agement of the complications of labor comprises section 
IV. To increase the value of the consideration of ab- 
normal changes normal labor is discussed first. This 
same procedure is followed in the author’s discussion 
of pelvimetry and contracted pelvis. Postpartum hem- 
orrhage and complications of the third stage are set 
forth in detail. Obstetric operations are presented with 
unusual clarity in section V. Section VI contains dis- 
cussions of the complications of the puerperium. Up- 
to-date consideration of analgesia and anesthesia com- 
prise section VII, as well as a most practical discussion 
of special examinations and treatments. The last sec- 
tion deals with the care of the newborn infant, care of 
the infant during labor and delivery, practical methods 
of therapy of abnormal neonatal conditions. 

The value of this book is enhanced by the author’s 
excellent style of writing and by the outstanding illus- 
trations. Reference to articles appearing in the current 
literature are included at the end of each of the 
chapters. 

This revised edition should easily gain the enthusi- 
astic reception accorded its predecessors. 

— Magnus P. Urnes. 


THE SMALL BUT PROFUSELY ILLUSTRATED monograph, 
Chirurgie der grossen Kérpervenen,* is divided into four 
main sections: (1) Surgery of the Portal System; (2) 
Surgery of the Caudal Vena Cava; (3) Surgery of the 
Large Veins of the Lower Extremities; and (4) Surgery 
of the Superior Vena Cava and Large Veins of the Up- 
per Extremities. 

Each section is handled in a logical manner, first 
with relation to anatomy and physiology, next a re- 
view of present day surgical approaches, including the 
author’s experiences, and next a critical appraisal of 
results obtained in the various syndromes. 

The section on the surgery of portal hypertension 
includes a fine chapter on indications for surgery from 
the internist’s standpoint by Prof. Dr. med. H. Kalk, 
of Kassel. 

Of particular interest is the frankly critical discus- 
sion of ligation of the vena cava for cardiac decom- 
pensation. 

Although the illustrations of surgical procedures are 
virtually diagrammatic, they are clear and useful. The 
reproductions of venograms of many types are superb. 

—Harold Laufman. 


THE PROLIFIC GROWTH of medical literature during the 
last decade has stimulated the writing of a number of 
books describing and assessing new developments in 
specialized fields. Progress in Clinical Obstetrics and Gynae- 


SCHIRURGIE DER GROSSEN KORPERVENEN. By Prof. Dr. med. 
R. Wanke, Prof. Dr. med. H. Junge, and Doz. Dr. med. 
H. Eufinger. 139 pages, 71 illustrations. DM 27. Stuttgart: 
Georg Thieme Verlag, 1956. 


THE SURGEON’S LIBRARY - Reviews of New Books 127 


cology’ by T. L. T. Lewis is a recently published ex- 
ample of this type of text. The author states that he 
has written it primarily for the specialist who does not 
have facilities for keeping up with the literature and 
for the postgraduate student. This reviewer would like 
to add that some of the chapters give those who do try 
to keep up with the literature worthwhile résumés of 
currently discussed problems. Among these are the 
chapters on afibrinogenemia, amniotic embolism, re- 
trolental fibroplasia, kernicterus and hyaline mem- 
brane in the newborn, the chemotherapeutic treatment 
of tuberculosis, venous thrombosis and pulmonary 
embolism, and carcinoma of the vulva. The chapter 
on postmaturity should be of interest to American ob- 
stetricians giving as it does an analysis of 26 papers 
which have appeared on this controversial subject in 
the last 15 years. 

A number of the chapters are reports and commen- 
taries on work that has surely become familiar to most 
specialists and to almost all postgraduate students. This 
is particularly true of the chapters on stress inconti- 
nence, breech extraction, chorioepithelioma, function- 
ing ovarian tumors, cytology in diagnosis of uterine 
malignant disease, and cephalopelvic disproportion. 

The author’s comment that examining the semen 
hardly seems worthwhile doing in the investigation of 
infertility cannot pass unchallenged. He makes the 
provocative statement that the policy of removing 
normal ovaries when hysterectomy is being performed 
for benign conditions is more reasonable than is the 
policy of many American gynecologists who urge their 
patients over the age of 40 to undergo regular six- 
monthly pelvic examinations. 

The book is neither very good nor very bad. It con- 
tains much interesting and valuable information. It is 
written in a concise and clear style. It is nicely printed 
on good paper and is well bound. The physician who 
has access to International Abstracts of Surgery, the two 
American journals in the field, the leading British 
journal, and one abstracting or survey journal devoted 
to obstetrics and gynecology will be familiar with most 
of the source material in it. — John W. Huffman. 


THE VOLUME ENTITLED Progress in Hematology® contains 
reviews of 16 special topics in hematology in which 
there has been rapid progress in the past few years. 
The articles are written by individuals who have made 
important contributions to their respective fields. Al- 
though much of the material will be of special interest 
to hematologists and internists, such subjects as paren- 
teral iron therapy, exchange transfusion as a therapeu- 
tic measure, posttransfusion survival of erythrocytes, 
surgery of hemophilic patients, acute fibrinogen defi- 
ciencies, and factors affecting hemostasis in bleeding 
will be of value to all physicians. Each article is fol- 
lowed by an extensive bibliography. This book can be 
highly recommended to physicians and medical stu- 
dents seeking an up to date review of some of the new 
frontiers in hematology. —Howard L. Alt. 


7ProGREss IN CLINICAL OBSTETRICS AND GYNAECOLOGY. By 
T. L. T. Lewis, M.B., B.Chir.(Camb.). 594 pages, 90 illustra- 
tions. $12.00. Boston: Little, Brown & Co., 1956. 

8ProcrREss IN HemaToLocy. Edited by Leandro M. Tocan- 
tins, M.D. With 27 contributors. Vol. I, 336 pages, illustrated. 
$9.75. New York and London: Grune & Stratton, 1956. 
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